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WOLFRAM   AND   MOLYBDENITE    MINING    IN 

QUEENSLAND. 


I.— HISTORICAL  AND  STATISTICAL. 

Mining  for  the  minerals  wolfram  and  molybdenite  has  of  late  years 
assumed  some  degree  of  importance  in  Queensland,  on  account  of  their  having 
recently  come  into  more  extended  use  in  the  arts,  and  from  their  occurring  in 
considerable  abundance  in  several  localities  in  the  northern  part  of  the  State. 

Wolfram  was  first  found  in  payable  quantities  in  1894  on  the  Hodgkinson 
Gold  Field,  at  a  place  now  known  as  Wolfram  Camp.  Sixty-five  tons  were  sold 
during  the  year,  and  realised  about  £650.  Subsequently  the  mineral  has  also 
been  mined  in  some  quantity  at  Lappa,  near  Petford  Siding,  on  the  Chillagoe 
Railway  Line,  on  the  same  goldfield.  Other  small  parcels  have  been  obtained  at 
Tinaroo,  near  Mareeba,  at  Coolgarra,  on  the  Herberton  Tin  Field,  at  Port 
Douglas,  the  Kangaroo  Hills  mineral  field,  and  at  Noble  Island,  100  miles  north 
of  Cooktown.  The  mines  at  Wolfram  Camp  and  Lappa  have,  however^  fur- 
nished the  great  bulk  of  the  Queensland  supply,  and  are  still  being  worked. 
Their  record  up  to  the  end  of  1903  has  been  860  tons,  of  a  value  on  the  field 
of  £28,578.  The  average  value  of  the  ere  on  the  field  up  to  the  present  time 
thus  works  out  to  about  £33  4s.  per  ton. 

At  Wolfram  Camp  and  Lappa  the  mineral  was  found  scattered  over  the 
ground  in  waterwom  pebbles  and  boulders,  and  iu  smaller  grains  in  the  sand 
of  the  water-courses  and  creeks.  For  the  first  few  years  the  production  wai» 
very  small.  In  1895,  21  tons  were  sold  for  £462,  but  for  1896  there  is  no 
return  recorded.  In  1897,  13  tons  brought  £195,  and  in  1898,  68  tons  brought 
£2,040,  an  average  of  £30  per  ton.  In  1899,  when  the  price  of  the  mineral 
was  at  its  highest,  240  tons  were  obtained,  and  realised  on  the  field  £9,120,  or 
an  average  of  £38  per  ton.  Owing  to  the  exhaustion  of  the  more  readily 
obtained  surface  stone,  and  the  necessity  for  mining  for  most  of  the  ore  in 
order  to  maintain  the  supply,  the  production  during  the  next  year  fell  to  188 
tons,  of  an  average  value  of  £35  per  ton.  A  heavy  fall  in  the  value  of  the 
mineral  at  the  end  of  this  year  led  to  a  great  reduction  of  the  output  for  the 
next  two  years,  many  of  the  miners  turning  their  attention  more  particularly 
to  molybdenite,  which  had  then  lately  come  into  good  demand.  The  prices 
obtained  during  these  two  years  averaged  about  £18  per  ton,  at  which  figure 
the  mining  of  the  mineral  as  it  occurs  in  most  of  the  lodes  on  the  Hodgkinson, 
leaves  little  margin  for  profit. 

During  the  early  part  of  1903,  the  price  increased  again  rapidly,  till  it 
stood  at  about  £30  per  ton  for  clean  ore  on  the  field  at  the  end  of  June.  This 
fact,  coupled  with  the  break-up  of  the  drought  and  consequent  amelioration  of 
the  conditions  of  living  on  the  field,  led  to  a  revival  of  mining,  the  lodes  at 
Lappa  now  also  receiving  considerable  attention.  By  September  the  price  had 
risen  to  £45  per  ton,  and  the  number  of  miners  employed  in  working  wolfram 
had  increased  to  150.  The  return  for  the  year  was  138  tons,  of  a  value  of 
£7,251,  an  average  of  £52  per  ton.  By  the  end  of  the  year  the  miners  were 
receiving  £56  per  ton  at  Wolfram  Camp,  and  £58  per  ton  at  Lappa.     Such 


prices  make  the  mining  of  wolfram  on  the  Hodgkinson  lodes  a  highly  profitable 
industry^  and  if  maintained  for  any  time,  bid  fair  to  make  these  localities  Tery 
important  mining  centres. 

The  mineral  molybdenite  had  been  found  associated  with  wolfram  in 
increasingly  large  quantities  in  the  lodes  at  Wolfram  Camp,  as  these  were  sunk 
on  below  the  surface.  No  market,  however,  could  be  found  for  the  mineral 
tiU  the  year  1900,  when  a  visit  from  a  representative  of  an  English  ore-buying 
firm  led  to  the  first  sale,  the  mineral  having  only  a  short  time  previously  come 
into  good  demand.  In  1900  the  field  produced  11  tons  of  clean  mineral, 
for  which  £51  was  received.  The  value  of  the  ore  rose  rapidly,  till,  at  the  end 
of  1902,  it  fetched  £200  a  ton  on  the  field.  The  output  increased  to  26  tons 
in  1901,  and  38  tons  in  1902.  Most  of  this  ore  came  from  a  few  lodes  within  a 
circimiscribed  area  at  Jeff's  Camp,  Wolfram  Camp,  but  other  lodes  also  gave 
small  quantities.  During  the  early  part  of  1903,  the  price  suddenly  fell  to 
£120  per  ton,  and  remained  at  about  that  price  during  the  greater  part  of  the 
year.  The  output  for  the  year  was  about  10  tons,  for  which  £1,321  was 
received,  giving  an  average  value  of  about  £132  per  ton. 

Mr.  Ball  reports  the  occurrence  of  molybdenite  in  the  Chowey  reefs, 
Degilbo;  in  the  reefs  of  the  Perry  Scrub,  and  of  Mudloo  Valley,  Eilkivan 
district;  on  the  Maxwellton  Gold  Field;  and  on  Blue  Mountain  Creek,  Stan- 
thorpe.  A  few  hundredweight  of  ore  have  been  sent  away  from  the  laat- 
mentioned  place. 

The  accompanying  table,  compiled  from  the  annual  reports  of  the  Mines 
Department,  gives  the  amounts  and  values  of  wolfram  and  molybdenite  ore 
produced  to  the  end  of  1903  in  Queensland: — 

Amounts  and  Value  of  Wolfram  Mined  and  Sold  in  Queensland  to  end  of  1908. 
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*  Entered  in  the  Mines  Department  reports  to  Uerberton. 


Amount  and  Value  of  Moltbdenitk  Mined  in  Queensland  to  end  of  1903, 

Hodgkinson  Gold  Field. 


Year. 
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Value. 
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II.— TECHNOLOGY. 

The  demand  for  wolfram  and  molybdenite  is  small  and  irregular,  and  is 
easily  over-supplied  by  an  increase  of  production.  The  prices  accordingly 
fluctuate  greatly  as  the  supply  falls  short  of  or  overtakes  the  demand.  It  is 
consequently  impossible  to  get  quotations  of  prices  in  the  home  markets  except 
for  bona  fide  offers  on  the  spot^  The  piuxshasing  of  these  ores,  therefore,  on 
the  Queensland  fields,  and  the  shipping  of  them  to  England  for  sale,  is  some- 
irhat  of  a  speculative  business,  the  prices  being  liable  to  fall  or  rise  consider- 
ably before  the  market  can  be  reached.  The  increased  demand  of  late  years 
has  sprung  from  the  employment  of  both  minerals  in  the  manufacture  of  special 
classes  of  steel,  each  mineral  imparting  its  own  particular  property  to  that 
metal. 

Wolfram. — The  useful  ingredient  in  wolfram  is  the  metal  tungsten,  gene- 
rally estimated  as  tungstic  acid  (the  mineral  being  a  tuiigstate  of  iron  and 
manganese).  The  pure  mineral  contains  from  73  to  76  per  cent,  of  tungstic 
acid.  The  commercial  ore,  owing  to  admixture  of  quartz,  which  cannot  all  be 
easily  separated  by  hand  dressing,  rarely  contains  over  70  per  cent.,  but  should 
Dot  contain  less  than  60  per  cent.  The  price  of  the  ore  is  based  on  the  ruling 
rate  for  60  per  cent,  ore,  plus  an  additional  sum  for  every  unit  of  tungstic  acid 
al)ove  60. 

Tungsten,  when  added  to  steel  in  small  proportions,  renders  it  particularly 
hard,  and  also  self -tempering.  Txmgsten  steel  is,  therefore,  used  in  the  manu- 
facture of  certain  edged  tools,  and  in  the  wearing  parts  of  machines.  Tungstic 
acid  compounds  are  also  used  for  rendering  colours  fast  in  cotton  fabrics,  and 
for  making  dress  materials  and  curtains  uninflammable  for  theatrical  purposes. 

According  to  the  *'  Mineral  Industry' "  for  1902,  the  production  of  tungsten 
metal  in  the  United  States  during  1902  amounted-  to  82,000  lb.,  as  compared 
with  13,000  lb.  for  1901 ;  ferro-tungsten,  14,000  lb.,  as  compared  with  13,000 
lb.  in  1901  ;  and  tungstic  acid  and  tungsten  salts,  3,500  lb.,  as  compared  with 
3,000  lb.  in  1901.  The  prices  varied  from  58  cents  to  64  cents  per  pound  for 
tungsten  metal,  and  from  27  cents  to  31  cents  for  ferro-tungsten,  the  prices 
being  practically  the  same  as  for  the  preceding  year.  The  prices  of  ore  varied 
from  about  2  dollars  per  unit  for  45  to  55  per  cent,  ore,  to  4  dollars  and  a-half 
for  55  to  65  per  cent.  ore. 

Wolfram  is  a  dark  greyish,  or  brownish  black,  mineral,  with  submetallic 
lustre,  and  gives  a  reddish  brown  powder.  It  cleaves  readily  into  plates.  It  is 
heavy  (specific  gravity,  between  7  and  8).  It  resembles  magnetite,  but  can 
be  distinguished  by  its  having  only  one  cleavage,  and  by  the  colour  of  its 
powder,  magnetite  having  four  cleavages  and  giving  a  black  powder.  It  is 
non-magnetic,  but  is  easily  fusible  before  the  blowpipe,  when  it  becomes 
magnetic. 

Molybdenite. — Molybdenite  is  a  compound  of  sulphur  with  the  rare  metal, 
molybdenum,  and  when  pure  contains  60  per  cent,  of  the  metal.  Consumers 
require  an  ore  containing  at  least  45  per  cent.  An  alloy  of  the  metal  with  iron 
is  first  made,  containing  about  50  per  cent,  of  molybdenum.  The  sulphur  is 
got  rid  of  by  roasting  the  mineral,  or  treating  it  with  nitric  acid,  thus  leaving 
the  oxide  of  molybdenum.  This  is  then  fused  in  an  electric  furnace  with 
carbon,  and  a  carbide  of  molybdenum  formed,  which,  on  fusion  with  molten 
iron,  gives  ferro-molybdenum.  This  alloy,  when  added  to  steel  in  certain  small 
proportions,  gives  molybdenum  steel.  It  is  also  added  in  still  smaller  pro- 
portions to  nickel-steel  and  chrome-nickel  steels.  These  steels  contain  from 
.25  to  4  per  cent,  of  molybdenum,  by  the  addition  o{  which  their  toughness 
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and  elasticity  are  greatly  increased.  They  are  used  cliiefly  for  forgings  of  all 
kinds,  such  as  gun  and  riile  barrels,  boiler-plates  and  shells,  also  for  large 
crank  and  propeller  shafts,  and  for  armour-plates  for  war  vessels. 

The  "Mineral  Industry"  for  1902  says: — "The  demand  for  molybdenum 
has  largely  increased  within  recent  years,  due  to  the  property  possessed  by 
the  metal  of  rendering  chrome  steel  self-hardening.  It  is  claimed  that  the  self- 
hardening  property  can  be  imparted  to  chrome  steel  by  the  addition  of  one 
half  of  the  quantity  of  molybdenum,  as  compared  with  tungsten." 

During  1903  ferro-molybdenum,  containing  50  per  cent,  molybdenum,  was 
quoted  regularly  in  the  United  States  at  1  dollar  25  cents  per  pound. 

The  production  during  1902  amounted  to  35,000  lb.  of  molybdenum 
metal,  and  16,000  lb.  of  ferro-molybdenum,  the  price  for  the  metal  varying 
from  1  dollar  55  cents  to  2  dollars  per  pound.  A  great  portion  of  this  was 
made  from  ores  obtained  from  abroad,  as  only  about  12  tons  of  ore  were 
produced  in  the  country.  The  value  of  ore  containing  between  50  and  55  per 
cent,  molybdenite  was  about  300  dollars  per  ton  during  1902. 

The  mineral  molybdenite  is  also  used  in  small  quantities  for  the  manufac- 
ture of  blue  cannine,  a  colour  used  for  painting  on  porcelain. 

Molybdenite  is  a  lustrous,  lead-grey  mineral,  occurring  in  large  masses  or 
smaller  plates.  It  breaks  up  readily  into  innumerable  thin  flakes,  which  are 
very  soft  and  flexible,  but  not  elastic.  Molybdenite  will  leave  a  grey  mark  on 
paper,  and,  when  heated  over  a  flame  in  an  open  tube,  gives  off  sulphurous 
fumes.  It  resembles  graphite,  but  is  paler  in  colour,  and  is  distinguished  by 
its  action  on  heating  in  a  closed  tube. 

The  use  of  these  minerals  in  steel-making  has  gone  beyond  the  experi- 
mental stage,  and  seems  to  be  on  a  flrmly-established  basis  as  a  recognised 
method  of  improving  its  quality  for  special  purposes.  The  demand  for  the 
minerals  accordingly  seems  likely  to  remain  constant  as  long  as  they  can  be 
supplied  at  a  reasonable  cost,  so  that  it  is  not  necessary  to  look  about  for 
substitutes.  As  they  are  used  only  in  very  small  percentage,  their  addition 
does  not  add  greatly  to  the  expense  of  manufacturing  steel  even  at  present 
prices,  which  are  highly  remunerative  to  the  producer.  The  demand  may  thuB 
be  expected  to  increase  as  the  steels  in  which  they  are  used  become  better 
known.  Since,  however,  the  minerals  are  only  used  in  small  proportion  in  these 
steels,  which,  again,  are  only  suited  to  a  comparatively  few  purposes,  it  does 
not  seem  likely  that  this  increase  will  be  sufficiently  rapid  or  sufficiently  large 
to  long  outrun  the  supply  for  some  years  to  come.  This  is  especially  true  in 
the  case  of  wolfram,  which  is  much  more  abundant  than  molybdenite.  There 
seems  every  prospect,  however,  of  a  continuous  demand  for  both  these  minerals 
at  prices  which  will  stimulate  work  on  the  North  Queensland  lodes  for  some 
time. 

III.— GEOLOGY. 

On  the  Hodgkinson  Gold  Field  wolfram  and  molybdenite  frequently  occur 
together  in  the  same  lode.  The  former  is,  however,  much  the  more  abundant 
mineral,  many  of  the  lodes  containing  only  small  quantities  of  the  latter.  The 
lodes  at  Wolfram  Camp,  in  fact,  are  the  only  ones  in  which  molybdenite  has 
been  found  in  payable  quantities,  and  there  only  in  a  few  of  the  lodes.  The 
gangue  is  a  clean  white  quartz,  often  clear  and  glassy,  occupying  the  joints 
and  contraction  fractures  of  a  grey  biotite  granite.  Associated  with  the  wolfram 
and  molybdenite    is  a  considerable    quantity  of    metallic    bismuth,  which  is 


^0  saTed  and  sold.  In  the  lower  levels  of  some  of  the  deeper  mines  arsenical 
and  iron  pyrites  are  met  with.  The  wolfram  and  molybdenite  occur  in  large 
masses  scattered  through  the  quartz  gangue,  the  greater  portion  being  easily 
separated  by  hand-messing  with  a  knapping  hammer. 

In  a  number  of  cases  the  outcrops  of  quartz  occur  at  intervals  along  a 
fairly  well  defined  line,  but  are  of  workable  size  s^u^  richness  only  at  detached 
points.  There  is  never  a  well-defined  and  continuous  lode  with  distinct  walls  of 
cleavage  between  the  quartz  and  the  granite.  In  many  cases  the  lode  consists 
of  granite  veined  through  with  mineral-bearing  quartz;  in  others  the  qxiartz 
occurs  in  vertical  or  horizontal  veins  irregularly  distributed  through  the  granite, 
and  seldom  continuing  of  the  same  thickness  for  any  great  distance. 

The  majority  of  the  rich  wolfram-producing  claims  at  the  Top  Camp, 
Wolfram  Camp,  lie  along  a  fairly  continuous  line  of  lode.  The  granite  rock 
here,  as  shown  by  the  exposures  in  the  numerous  shafts  and  open-cuts,  is 
traversed  by  mmierous  contraction  cracks,  lying  roughly  parallel  to  each  other 
and  to  the  siurface  of  tlie  groimd.  This  occurrence  gives  the  granite  the  appear- 
ance of  being  stratified,  and  has  no  doubt  been  caused  by  the  shrinking  of  the 
granite  as  it  cooled  and  solidified  from  a  molten  mass.  In  many  of  the  claims 
the  quartz  of  the  lodes,  on  being  followed  down  by  vertical  shafts  for  a  few  feet, 
has  "cut  out'*  on  a  floor  of  granite,  along  which  it  spread  in  a  horizontal 
direction.  These  horizontal  veins,  on  being  excavated  by  mining  after  the 
manner  in  which  a  herizontal  coal  seam  is  mined,  are  seen  to  lie  parallel  to 
the  contraction  cracks  of  the  granite,  along  one  of  which  they  have  apparently 
been  formed.  The  horizontal  veins  do  not  generally  extend  to  any  great 
distance  laterally  from  the  line  of  lode,  being  confined  as  a  rule  to  within  a 
short  distance  on  either  side  of  it.  They  vary  greatly  in  thickness,  and,  as  the 
granite  is  broken  across  by  numerous  vertically  disposed  cross-joints,  they  are 
very  irregular  in  their  course.  The  vertically  disposed  cross- joints  also  frequently 
contain  seams  of  quartz  and  mineral.  The  thickness  of  these  seams  of  ore  is  never 
much  more  than  10  or  12  inches.  Some  of  the  vertical  standing  main  lodes, 
however,  open  out  into  large  bodies  3  and  4  feet  in  thickness,  but  do  not 
generally  continue  at  that  thickness  for  more  than  a  few  yards. 

In  a  great  many  cases  the  quartz  of  these  vertically  standing  main  lodes 
has  apparently  been  formed  along  a  main  joint  plane  of  the  granite,  and  in 
these  cases  it  is  often  of  considerable  thickness,  and  forms  a  more  or  less  well- 
defined  lode  running  for  some  distance.  The  smaller,  but  often  much  richer, 
horizontally  disposed  veins  seem  to  be  in  most  cases  off-shoots  from  these  lodes 
along  the  main  joints.  Although  they  have  been  found  to  make  into  large 
bodies,  and  again  pinch  out  into  almost  nothing  within  very  short  distances, 
these  main  lodes,  with  their  occurrence  of  ore  at  numerous  points  along  a 
considerable  length,  encourage  the  hope  that  on  being  followed  down  they  will 
lead  to  other  deposits  at  greater  depths. 

In  the  more  distinctly  molybdenite-bearing  lodes  at  Jeff's  Camp,  the 
outcrops  consisted  of  "  blows,"  or  roughly  circular  or  oval-shaped  outcrops  of 
quart2  canying  wolfram  and  bismuth.  Molybdenite  did  not  generally  make  its 
appearance  within  the  first  10  or  12  feet  from  the  surface.  On  being 
followed  down  by  shafts  these  outcrops  developed  into  irregular  pipe-shaped 
bodies  surrounded  on  all  sides  by  granite,  being  at  times  almost  vertical  and  at 
others  dipping  flatly.  All  the  quartz  was  taken  out  in  the  circmnference  of  the 
sinking,  granite  being  left  on  every  side.  The  quartz  graduated  rapidly  into 
the  granite  with  no  marked  plane  of  division,  and  both  quartz  and  mineral 
were  often  found  extending  as  veins  into  the  granite  for  some  few  inches  or  a 
foot  from  the  main  mass  of  the  quartz. 
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The  jointing  of  the  granite  has  apparently  been  the  determining  factor 
in  the  form  taken  by  these  lodes,  the  main  joints  haying  allpwed  of  the 
entrance  of  siliceous  and  mineral-bearing  solutions  from  below,  which  have 
spread  into  the  surrounding  contraction  cracks  and  fissures.  The  granite  walls 
of  the  joints  have  been  subjected  to  considerable  alteration  at  detached  points 
along  their  length,  with  a  correspondingly  great  or  slight  deposition  of  quartz 
and  mineral.  The  pipe-like  character  of  many  of  the  lodes  is  difficult  to  account 
for,  but  may  possibly  be  due  to  the  formation  of  a  more  or  less  vertically 
disposed  conduit  for  the  mineralising  solutions  along  the  junction  of  intersecting 
joints. 

In  the  majority  of  the  lodes  the  deposition  of  the  ore  has  been  most  abun- 
dant along  the  horizontal  contraction  cracks,  that  along  the  vertical  planes 
merely  serving  to  lead  the  miner  down  to  more  important  deposits  of  th& 
former  character  below.  It  seems,  therefore,  reasonable  to  suppose  that  other 
horfzontal  seams  lying  parallel  to  those  above  should  be  found  by  further 
sinking,  and  apparently  there  is  no  reason  why  the  depth  should  be  very  great, 
as  the  contraction  planes  are  closely  set  together.  The  deposits  are  not  as  a 
rule  of  sufficient  value  to  warrant  any  great  outlay  in  dead  work  in  looking  for 
further  deposits,  but  any  sign  of  quartz  going  down  should  be  worth  following- 
in  the  hope  of  striking  other  deposits  of  value,  occupying  lower  contraction 
seams  in  the  granite. 

IV.— WOLFRAM  CAMP  LODES* 

Wolfram  Camp  lies  about  14  miles  west  by  north  of  Dimbulah,  a  station 
on  the  Chillagoe  Railway  Line,  47  miles  from  the  port  of  Cairns.  A  good  road 
from  Dimbulah  crosses  the  Walsli  immediately  north  of  the  railway  station, 
and  follows  down  the  right  bank  for  about  9  miles.  It  then  strikes  north  up 
the  Valley  of  Four-mile  Creek,  on  which  Wolfram  Camp  lies  about  4  miles 
above  its  junction  with  the  river. 

Jbff's  Camp  Workings. 

These  workings  lie  about  half  a  mile  up  the  creek  from  the  main  camp  in 
a  tributary  gully.  A  number  of  claims  in  this  locality  are  being  worked  mainly 
for  molybdenite,  being  all  contiguous  to  one  another.    The  first  met  with  is — 

Shaivs  Claim. — This  claim  was  worked  on  the  surface  for  bismuth,  and 
the  quartz  followed  down  in  a  flatly  inclined  shaft  to  a  vertical  depth  of  20 
feet.  A  vertical  shaft  was  then  sunk  to  strike  the  bottom,  and  the  underlie 
continued  on  the  ore  body  at  the  old  grade.  There  is  a  little  quartz  showing 
here  and  there  down  the  underlie,  but  practically  the  whole  of  it  has  been 
removed  in  the  sinking,  the  greatest  diameter  of  the  pipe  of  ore  being  less  than 
6  feet.  About  10  feet  below  the  vertical  sliaft  the  first  molybdenite  was  struck, 
and  it  has  continued  down  another  30  feet  to  the  bottom.  The  bottom  is  a 
mass  of  white  quartz  surrounded  on  all  sides  by  granite,  and  splashed  through 
with  large  masses  of  molybdenite.  This  was  the  only  mine  from  which  molyb- 
denite was  being  obtained  at  the  time  of  my  visit. 

• 

From  six  to  seven  tons  of  clean  molybdenite  were  obtained  from  the  last 
30  feet  of  the  shaft.  As  the  ore  brought  latterly  from  £100  to  £200  per  ton, 
it  will  be  seen  that  this  has  been  a  very  profitable  mine,  especially  as  it  gave 
ver}'  little  trouble  in  the  cleaning  of  the  ore.  The  molybdenite  does  not  seem 
to  come  to  the  surface  in  any  of  these  mines,  owing,  probably,  to  its  weather- 
ing easily  under  atmospheric  influences.  It  generally  first  makes  its  appearance 
at  from  20  feet  to  30  feet  below  the  surface.     The  wolfram  and  metallic 
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l)bmutb,  on  the  other  hand,  are  found  with  little  alteration  right  at  the  surface, 
and  occur  together  in  the  surface  soil,  where  much  of  the  latter  is  in  the  form 
of  carbonate. 

In  dressing  the  ore  the  larger  lumps  of  molybdenite  are  broken  off  from 
the  attached  quartz  by  haumier,  washed,  and  put  aside  for  bagging.  The  finer 
Btuff  is  screened  through  ^inch  screens,  and  that  remaining  on  the  screen 
rou«Thly  jigged  in  water.  The  heavier  lumps  of  molybdenite  collect  at  the 
bottom  of  the  screen,  but  the  more  flaky  material,  owing  to  its  buoyancy  in 
water,  cannot  be  separated  from  lighter  quartz  gangue :  and,  as  there  is  little 
sale  for  anything  but  clean  mineral,  a  great  deal  of  it  is  at  present  wasted.  The 
fines  from  the  first  screening  are  afterwards!  treated  on  J-inch  and  _^*^-inch 
screens,  and  tlie  less  flaky  portions  of  the  mineral  thus  saved. 

Kenrick'g  Claim. — This  claim  lies  inmiediately  to  the  north  of  Shaw's 
claim,  and  adjoins  it.  The  first  molybdenite  sold  from  the  field  was  obtained 
from  this  claim  in  1900.  The  shaft  has  been  abandoned,  as  has  also  a  second, 
sunk  on  another  lode  some  60  feet  south  of  it.  Both  underlay  flatly  to  the 
north,  and  were  sunk  to  a  vertical  deptli  of  about  40  feet.  About  12  tons  of 
molybdenite  were  obtained  from  the  two.  A  third  lode,  some  30  feet  behind 
tiie  second,  was  being  worked  at  the  time  of  my  visit.  The  shaft  was  sunk  first 
16  feet  vertically  on  an  outcrop  of  quartz  carrying  bismuth,  which  was  then 
followed  on  the  underlie  for  about  20  feet.  The  first  bunch  of  molybdenite  was 
struck  here,  and  about  1^  tons  obtained  in  a  few  feet.  Tlie  shaft  at  the  time  of 
my  visit  was  full  of  water  to  this  point.  About  5  feet  further  down,  the  pipe 
of  quartz  turned  over  vertical,  and  another  patch  of  ore  was  followed  down  for 
about  10  feet.  About  2  tons  of  clean  mineral  were  obtained  from  here.  The 
flooding  of  the  shaft  during  the  wet  season  of  January,  1903,  prevented  further 
work,  and,  owing  to  the  inconvenience  of  bailing,  a  vertical  shaft  was  being 
sunk  from  the  surface  to  strike  above  the  second  bunch  of  ore. 

The  ore  here  occurs  less  in  the  body  of  the  quartz,  and  is  disseminated 
more  freely  through  the  immediately  surrounding  granite.  This  involves 
greater  trouble  in  obtaining  clean  mineral  for  sale,  the  majority  of  it  having  to 
be  broken  up  fine  by  a  hammer,  and  repeatedly  jigged  through  screens.  This 
entails  considerable  expense  and  waste  of  the  finer  portions  of  the  mineral.  Mr. 
£enrick  estimates  that  it  has  cost  him  £30  a  ton  to  clean  the  ore  obtained  from 
this  shaft 

There  is  great  need  of  a  cheap  and  effective  machine  to  save  the  finer  and 
more  flaky  portions  of  this  mineral.  The  specific  gravity  is  about  4.6,  as  com- 
pared with  2.65  for  quartz,  but  the  buoyancy  of  the  flakes  of  molybdenite  in 
water  is  little,  if  anything,  less  than  that  of  quartz  of  the  same  diameter.  To 
crush  the  material  by  stamps  would  only  accentuate  the  difficulty.  Possibly, 
if  crushed  by  means  of  rolls,  the  quartz  would  be  reduced  to  a  fine  state,  while 
the  flakes  of  molybdenite  would  suffer  less  comminution  than  if  crushed  under 
stamps,  and  could  consequently  be  separat^ed  from  the  fine  quartz  by  some 
form  of  settling-box.  There  is  not,  however,  sufficient  of  this  class  of  ore  on 
the  field,  nor  sufficient  demand  for  the  mineral,  to  warrant  the  employment  of 
very  expensive  machinery. 

Gillian^ s  Claim. — This  claim  adjoins  Kenrick's  claim  on  the  west.  A  large 
quantity  of  wolfram  and  some  bismuth  were  obtained  from  a  lode  striking 
north  and  south  in  open-cut  workings,  extending  for  some  2  chains  in  length 
and  12  or  14  feet  in  depth.  The  lode  is  seen  on  the  southern  end  of  these 
workings  in  about  4  feet  of  quartz  and  country  rock,  the  quartz  ramifying 
through  the  granite  in  solid  veins,  and  being  splashed  through  with  masses  of 
wolfram.     The  shoot  of  ore  was  found  to  be  dipping  to  the  north,  and  is  said 
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This  work  was  carried  out  as  part  of  the  general  scheme  of  haying  all  the 
deposits  of  manganese  ore  in  Queensland  inspected  and  reported  on  as  time 
permitted.  Some  of  the  deposits  are  acknowledged  to  be  poor,  but  it  is  hoped 
that  at  some  time  in  the  future  they  may  be  worked,  in  order  to  supply 
Australian  iron  furnaces  with  the  necessary  njanganese  ore.  The  only  local 
demand  of  any  extent  at  present  is  that  of  Mount  Morgan,  where  about  a 
thousand  tons  a  year  are  consumed  in  the  chlorination  process.  The  manage- 
ment now  stipulates  that  no  ore  containing  less  than  70  per  cent,  available 
dioxide  will  be  accepted — probably  because  a  sufficient  quantity  of  ore  of  that 
grade  can  be  obtained  from  Mount  Miller,  near  Gladstone.  The  price  paid 
during  1902  was  Is.  1..3d.  per  unit,  on  a  basis  of  70  per  cent.,  with  Is.  6d.  per 
unit  in  excess.  Ore  carrying  70  per  cent,  available  manganese  dioxide  would 
thus  bring  £3  I7s.  6d.,  delivered  at  Rockhampton. 

The  London  quotations  for  manganese  just  now  (6th  November)  are : — 

Ore  containing  50  per  cent,  and  upwards  of  manganese,  9d.  to  9^d» 
„         47  to  50        „  „  „  8d.  „  9d. 

„         40  to  47        „  „  „  6d.  „  8d. 

i.e.y  ore  containing  44  per  cent,  of  manganese  would  bring  only  £1  Ss.  8d.  per 
ton.  It  is  evident  that  only  large  deposits,  most  favourably  situated,  could  be 
made  to  pay  at  that  price. 


GINGIN. 

The  proved  manganiferous  country,  comprised  in  an  area  of  2  square 
miles,  lies  5  miles  south-south-west  of  Gingin  Railway  Station — the  deposits 
occurring  in  freehold  portions  856,  1033,  917,  and  1147,  Walla;  and  Gingin, 
the  centre  of  a  prosperous  cdne-growing  district,  is  on  the  Mount  Perry  Rail- 
way, 29  miles  from  the  port  of  Bundaberg. 
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Sketch  Pl.vn  op  Manganese  Deposits  in  the  Gingin  District. 

Scale  :  20  chains  to  an  inch. 
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6ood«  fairly  level  roads  run  to  Gingin,  and  the  Central  Mill  Private  Railway 
connects  with  Wattawa  Railway  Siding.  Arrangements  could  probably  be  made 
with  the  proprietors  of  the  private  railway  for  the  ore  to  be  carried  to  the 
siding,  and  heavy  cartage  freights  might  thus  be  obviated. 

The  manganiferous  country  is  gently  rolling.  It  was  formerly  covered 
with  dense  scrub,  but  most  of  it  is  now  under  cultivation,  the  slates  forming 
a  rich  brown  soil.  It  is  drained  by  Currajong  Creek  and  its  Right  Branchy 
and  a  feature  of  the  country  is  the  number  of  springs,  some  of  which  persisted 
even  in  the  drought. 

Gbnbral  Gkologt. 

A  narrow  uorth-and-80uth-stretcluii<,'  zone  of  slates  and  tuffs  of  undeter- 
mined age  includes  all  the  manganese  lodes.  In  one  or  two  places  indistinct 
and  indeterminable  fossil  remains  were  found  in  the  tuffs  near  the  lodes.  The 
beds  strike  north  and  south,  and  dip  at  high  angles  both  east  and  west,  owing 
to  folding,  consequent  on  compression  from  east  and  west. 

Clay  schists  with  segregated  lenticules  of  quartz  occur  west  of  the  slates, 
and  similar  country — probably  a  continuation  of  the  same  belt — exists  in  the 
Perry  Scrubs  to  the  south  (already  described  in  No.  184  of  the  G.S.Q.  publi- 
cations, and  in  (tovtrnment  Minitu/  Jovrnnl  for  August,  1903,  p.  400).  The 
soil  produced  ia  comparatively  poor,  and  the  quartz  blows  carry  little  or  no 
gold. 

Immediately  east  and  north-east  of  the  manganiferous  area  the  slates  are 
capped  by  rich  red  and  black  residual  basaltic  soils,  but  they  have  been 
denuded  a  short  distance  to  the  east  and  north-east,  leaving  sandstones  and 
conglomerates  (of  Trias-Jura  age)  exposed. 

The  tuffs  and  slates  are  apparently  of  much  younger  age  than  the  schists^ 
but  are  themselves  much  older  than  the  sandstones  and  conglomerates. 
Nothing  is  known  as  to  the  age  of  the  basalt  beyond  that  it  is  younger  than 
the  sandstone ;  but,  as  none  of  these  rocks  appear  to  have  any  connection  with 
the  manganese  deposits,  their  age  does  not  really  concern  the  present  inquiry. 

Portion  856,  Walla. 

The  area  of  manganese  ore  on  this  portion  is  in  the  extreme  south-eastern 
comer,  and  extends  along  the  eastern  side  for  10  chains  from  the  southern  end. 
It  consists  of  scattered  pebbles  and  boulders  over  a  width  of  from  40  yards  at 
the  northern  end  to  2  yards  at  the  southern.  At  6  chains  from  the  southern 
boundary  is  a  solid  outcrop  6  feet  wide.  The  wider  parts  are  due  to  the 
occurrence  of  a  number  of  separate  lenses,  not  to  a  thickening  of  one  single 
lens. 

The  northern  portion  (with  the  exception  of  the  western  part)  is  formed 
of  a  mixture  of  hard  and  soft  cellulai*,  slightly  ferruginous  ore  of  good  quality, 
but  towards  the  southern  boundary  the  fragments  of  ore  on  the  surface  are 
often  found,  when  broken,  to  have  a  centre  of  rhodonite  (manganese  silicate), 
or  else  of  partly  replaced  slate. 

A  general  sample,  taken  from  the  whole  outcrop,  assays  (Government 
Analyst) : — 

Manganese     ...         ...         ...     42.4  per  cent 

Silica  and  insoluble  ...         ...     16.3         „ 

The  amount  of  manganese  dioxide  was  not  estimated,  but,  even  assuming  the 
whole  of  the  metal  to  be  peroxidised,  it  could  only  amount  to  67  per  cent.» 
which  ia  rather  too  low  for  chemical  purposes  (Mount  Morgan). 
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The  northeru  end  of  this  deposit  is  very  well  worth  prospecting,  for  the 
discovery  of  a  large  lode  here  would  be  of  great  value  because  of  the  acces- 
sibility of  the  locality. 

Clay  slate  is  the  country  on  the  eastern  side  of  the  lode,  while  on  the  west, 
together  with  strongly  cleaved  clay  slates,  are  highly  altered  ferruginous 
andesite  tuffs,  with  casts  of  indistinguishable  fossils  and  lenticular  patches  of 
milk-white  calcite. 

The  road  to  the  east  of  the  northern  end  of  the  above  deposit,  and  just 
south  of  the  Central  Mill  Tramline  Crossing,  is  covered  for  a  distance  of  3 
chains  with  small  pebbles  of  very  good  ore,  possibly  derived  from  a  small  vein 
or  vehis  running  along  the  road. 


Portion  1033,  Walla, 

Six  several  areas  on  this  portion  have  received  attention,  all  lying  on  the 
continuation  of  the  zone  embracing  those  in  portion  856  and  the  road  adjacent. 

Some  work  has  been  done  10  chains  south-west  of  the  south-eastern  comer 
of  856,  a  pothole  10  feet  deep  proving  a  width  of  7  feet  of  clay-stained 
manganese  ore,  seemingly  bulging  to  the  south  in  depth.  On  the  western  or 
hanging  wall  is  a  2-feet  band  of  partly  replaced  slate,  but  much  of  the 
remainder  of  the  ore  is  fine-looking  blue  dioxide,  containing,  however,  much 
sandy  clay,  and  therefore  needing  hand-picking  and  washing.  The  quality  of 
the  ore  varies  greatly  within  a  space  of  a  few  inches,  but  I  believe  it  will 
improve  with  depth.  Tlie  hanging-wall  is  fairly  well  defined  and  vertical,  but 
the  footwall  is  stained  and  veined  with  ore.  The  country  on  the  west  is  fissile 
decomposed  purplish  tuff  slate,  dipping  70  to  80  degrees  to  the  west^south- 
west;  while  that  on  the  east  is  decomposed  massive  slate. 

The  deposit  was  found  by  trenching,  and,  judging  from  the  fragments  on 
the  surface  scattered  over  a  width  of  a  chain,  it  may  be  3  or  even  4  chains 
long.     A  sample  from  it  assays  (Government  Analyst): — 

Manganese     ...         ...         ...     40.5  per  cent. 

Silica   and   insoluble  ...     20.1         „ 

This  is  equivalent  to,  at  the  most,  64  per  cent,  of  manganese  dioxide. 

A  second  smaller  outcrop — probably  a  separate  deposit — is  to  be  seen 
half  a  chain  up  the  hiH  to  the  west,  and  partly  replaced  slate  half  a  chain 
beyond  it. 

The  next  is  a  couple  of  chains  to  the  east,  on  the  line  of  that  on  the  road 
{referred  to  xmder  portion  856).  Fragments  of  good  ore  are  scattered  over  the 
ground  for  a  distance  of  2  chains,  and  p,  general  sample  from  them  assays 
{Government  Analyst) : — 

Manganese 47.3  per  cent., 

which  is  equivalent  to,  at  the  most,  75  per  cent,  of  dioxide,  but  all  of  this  is 
not  likely  to  be  available. 

The  next  manganiferous  belt  is  5  chains  west  of  the  pothole,  and  has  a 
width  and  a  length  (south-east)  of  a  chain.  Large  blocks  of  rather  soft,  some- 
times quartz-veined,  ore,  with  central  pinkish  manganese-stained  slate  (partly 
replaced)  occur  half-way  between  portions  856  and  917,  the  manganese 
ap})arejitly  lying  across  the  belt.  The  silica  will  probably  decrease  with  depth. 
Tuff  slate  occurs  south  of  the  blow. 


Some  chains  south  of  the  last,  and  within  4:  chains  of  the  north-west  comer 
o[  portion  917,  is  a  large  outcrop  known  as  the  Big  Blow,  on  the  line  of  the 
ouaTops  in  portion  856  and  that  on  which  the  pothole  has  been  opened. 
Fragments  and  boulders  up  to  6  feet  in  diameter  cover  an  area  2  chains  long 
{uorth-west  and  south-east),  and  a  chain  across.  There  are  two  manganiferous 
port-ions  separated  by  about  4  feet  of  red  slaty  tuff  containing  bunches  of 
manganese  ore,  the  south-western  about  5  feet  wide,  the  other  3  to  6  feet 
wide.  The  dip  is  about  60  degrees  to  the  south-west,  and  gradually  gets 
greater  with  depth.  A  third  outcrop  20  feet  to  the  north-east  is  4  feet  in 
^rreatest  width,  and  consists  of  somewhat  better  ore  than  the  others,  but,  like 
them,  it  also  passes  into  jasperoid  at  the  northern  end. 

A  pothole  has  been  opened  to  10  feet  depth  on  the  two  south-western 
blows,  which  are  shown  to  be  6  feet  thick,  and,  though  very  hard  on  the 
surface,  to  soften  in  depth.  The  hanging-wall  side  of  the  south-western  lode 
contained  carbonate  of  copper  stains — the  metal  having  probably  been  derived 
from  the  decomposition  of  the  andesite  tuff. 

The  ore  is  certainly  not  good,  being  slaty  and  containing  white  cherty 
centres.  The  outcrop  may  be  only  a  siliceous  cap  comparable  to  jasperoid.  In 
fact,  the  hanging  (south-western)  wall  is  red  jasperoid,  and  the  country  beyond 
it  is  yellow  indurated  clay  slate.  The  country  on  the  footwall  is  also  some- 
times jasperised.  The  country  must  have  been  originally  very  hue  bedded 
(laminated),  and  is  now  contorted.  A  general  surface  sample  assays  (Govern- 
ment Analyst) : — 

Manganese     ...  ...  ...     33.0  per  cent. 

Silica  and  insoluble  ...     30.2         „ 

Xron  ...  ...  ...       ^.o         „ 

Tlie  available  manganese  dioxide  can  therefore  not  l)e  greater  than  52  per 
cent,  in  the  sample,  although  specimens  have  yielded  as  much  as  62.4  per  cent. 
The  ore  is  too  siliceous  for  chemical  work,  but  the  silica  may  decrease  below 
the  surface. 

An  outcrop  of  similar  ore  to  the  above  occurs  in  a  gully  3  chains  to  the 
east-north-east  of  the  Big  Blow,  and  fragments  have  been  picked  up  for  some 
distance  in  the  cultivated  ground  to  the  north. 


Portion  917. 

An  area  of  boulders  and  pebbles  of  poor  ore,  20  feet  across  and  a  chain  in 
length  (south-south-east),  lies  5  chains  from  the  northern  boundary  about  mid- 
way between  the  sides  of  the  portion.  The  country  rock  is  andesite  tuff  and 
breccia.  The  deposit  probably  consists  of  up  to  6  feet  of  partly  replaced  rock. 
The  ore  is  very  poor;  indeed,  almost  every  fragment  having  a  central  part  of 
country  rock,  it  is  little  more  than  highly  stained  and  partly  replaced  country 
rock.  Other  small  outcrops  occur  a  few  chains  to  the  south-west  and  south- 
east. 

The  country  on  the  eastern  side  of  the  portion  is  clay  slate,  dipping  at  a 
high  angle  to  the  west,  and  containing  traces  of  manganese  at  numerous  points. 

About  25  chains  from  the  northern  and  6  chains  from  the  eastern 
boundary  a  pothole  has  been  opened  on  manganese  stained  and  partly  replaced 
clay  slates.  Tuff  slates  also  occur  here.  The  ore  obtained  was  of  no  value  for 
any  purpose. 


8 

Other  trenches  were  opened  on  stained  country  a  couple  of  chains  to  the 
south,  a  chain  beyond  which  are  a  21-feet  shaft  and  an  open  cut.  The  open 
cut,  30  feet  long  and  15  feet  in  greatest  depth,  was  on  a  bunch  of  ore  dipping 
south-east.  The  footwall  ia  mottled,  white  and  yellow  sandy  slate,  the  hanging- 
wall  pink  pipeclay.  The  ore  passed  at  a  shallow  depth  into  a  thin  seam  of 
manganese-stained  clay.  The  few  tons  of  ore  obtained  was  of  a  good  quality,, 
a  sample  of  that  left  on  the  surface  assaying  (Government  Analyst): — 

Manganese 48.4  per  cent. 

equivalent,  at  the  most,  to  76.5  per  cent,  of  manganese  dioxide. 

On  the  one-chain  road  running  north  from  the  north-eastern  corner  of 
portion  917  good  manganese  has  been  found  within  2  chains  of  that  portion. 
The  ore  occurred  in  two  over-lapping,  north-and-south-striking  bunches,  6  and 
10  feet  respectively  in  length,  making  very  little  outcrop.  The  ore  in  the 
longer  northern  lens  has  passed,  at  4  feet  depth,  into  manganese-stained 
material.  Some  of  the  ore  assayed  privately  65  per  cent,  available  manganese 
dioxide.  About  10  tons  were  obtained,  and  a  sample  of  that  left  yields 
(Government  Analyst) ; — 

Manganese     47.2  per  cent. 

Available  manganese  dioxide     67.7 
Silica   and   insoluble  ...       8.2 

Phosphorus 0.075 

Sulphur         ...  trace,  less  than  0.1 
Iron    ...         ...         ...  ...       0.91 

This  is  rather  too  low  in  available  dioxide  to  be  accepted  at  Mount  Morgan, 
but  the  silica,  phosphorus,  and  sulphur  are  all  within  reasonable  limits.  The- 
country  is  yellow  clay  slate  striking  north  and  south. 


Portion  1147. 

A  few  blocks  of  manganese  dioxide  have  been  found  on  the  north-eastern 
comer  of  this"  portion  in  brown  soil,  clay  slate  country.  One  specimen  from 
the  best  block  assayed  74  per  cent,  manganese  dioxide,  but  the  greater  part 
of  the  ore  is  very  poor,  and,  besides,  most  of  the  blocks  have  slaty  silicate 
centres.  Fragments  of  impure  ore  can  be  traced  for  a  quarter  of  a  mile  to 
the  south.  zVt  one  place,  10  chains  from  Currajong  Creek  on  the  east,  and 
15  chains  from  it  on  the  south,  a  pothole  has  been  opened  on  jasperoid,  with  a 
certain  amount  of  ore  dipping  45  degrees  to  the  west.  Manganese-stained 
blocks  cover  an  area  half  a  chain  in  diameter,  the  amount  of  manganese  may 
be  expected  to  increase  at  depth,  while  the  silica  will  decrease,  so  that  the- 
deposit  is  worth  testing. 

Manganese  ore  has  thus  been  shown  to  be  abundant  in  this  locality,  but  ^o 
far  most  of  it  is  of  rather  too  poor  a  quality  for  it  to  be  payably  worked.  Man- 
ganese ore,  however,  very  often  proves  far  less  siliceous  at  a  shallow  depth 
than  on  the  surface,  and  trial  shafts  might  be  sunk  with  good  prospects  of 
finding  payable  ore. 

Bog  Ore, — ^An  impure  iron-alumina-manganese  ore  occurs  in  the  flat 
coal-measure  country  north  of  Currajong  Creek,  often  forming  a  surface  deposit 
2  feet  thick  over  considerable  areas.  The  deposit  is  most  likely  a  residual 
one,  formed  by  the  decomposition  and  leaching  of  a  now  denuded  cover  of 
basalt.  There  is  no  use  for  such  ore  just  at  present,  though  a  demand  may^ 
arise  at  any  time  for  any  of  the  metals  contained  in  it. 


KALLIWA, 

Portion  or,  Kalliun^  is  on  the  south-western  side  of  Kalliwa  Creek,  4 
miles  above  the  Burnett  River,  and  23  miles  south-south-west  of  Gingin.  In 
the  cultivation  of  a  small  plot  of  ground  on  this  portion,  numerous  blocks  of 
manganese  dioxide  and  silicate,  together  with  stained  slate,  were  found. 
Nothing  can  now  be  seen  in  situ,  and  the  ore  is  not  of  good  enough  quality 
to  warrant  prospecting  work  even  if  there  were  any  prospect  of  there  being  a 
large  deposit  here.  Besides,  the  distance  to  a  railway  (14  miles  either  to 
Mount  Perry  or  Degilbo  in  a  straight  line),  and  the  roughness  of  the  inter- 
vening country,  would  effectually  prevent  the  present  exploitation  of  any 
deposit  of  ordinary  size. 

DEGILBO. 

Portion  54i;. 

Boulders  of  manganese  ore  occur  over  a  width  of  1  to  4  feet,  on  an  east 
and  west  line,  for  a  distance  of  15  yards,  in  about  the  centre  of  the  western 
part  of  54v,  Degilbo.  Two  tons  of  ore  obtained  some  months  ago  averaged 
69  per  cent,  manganese  dioxide.  A  sample  of  the  best  ore  now  on  the  surface 
assays  (Government  Analyst)  : — 

Manganese     ...         ...         ...     52.0  per  cent. 

Available  manganese  dioxide     68.0         „ 
Silica  and  insoluble  ...       6.5         „ 

Phosphorus    ...         ...         ...       0.08       „ 

Sulphur  ...  trace,  less  than  O.OI       „ 

xron    ...  ...  ■.•  ...        X.I  ,, 

This  is  a  very  good  result,  and  with  hand-picking,  it  should  be  possible  to 
bring  the  percentage  of  dioxide  up  to  70  per  cent.,  the  minimum  accepted  at 
Mount  Morgan. 

The  country  rock  is  slate,  but  on  the  northern  side  of  the  outcrop  jasperoid 
occurs,  with  bunches  of  manganese  ore. 

The  cartage  to  Degilbo  Railway  Station  (3  miles)  costs  3b.  6d.  per  ton. 

Other  small  bunches  of  good  manganese  ore  are  found  in  the  slates  at  the 
northern  end  of  the  old  Mineral  Selection  2307  (on  which  the  Commonwealth 
Mine  is  situated),  a  quarter  of  a  mile  west-south-west  of  the  above. 

WARWICK. 

Mount  Gainmie  lies  5  iniles  west-south-west  of  Pratten,  and  about  1^ 
tiiiles  east  of  Thane's  Creek.  The  summit  is  2,200  feet  above  sea  level,  and 
800  feet  above  the  general  level  of  the  surrounding  country.  The  manganese 
deposit  is  on  the  ridge  top,  10  chains  south,  a  little  east  of  the  trigonometrical 
station  on  the  summit,  and  is  reached  by  a  timber  track  from  the  Gladstone 
Mine.  It  is  only  a  couple  of  miles  from  the  proposed  Thane's  Creek  station 
on  the  Warwick-Goondiwindi  Railway,  now  in  course  of  construction ;  so  that, 
in  the  event  of  the  ore  being  worked,  cartage  would  not  be  a  heavy  item  of 
expenditure. 

Tlie  country  rock  is  sandy  clay  slate  and  quartzite,  striking  a  little  east 
of  north,  while  the  trend  of  the  ore  body,  which  dips  to  the  east,  seems  to  be 
generally  nearer  north  and  south.  It  is  said  that  only  three  blocks  of  ore 
outcropped,  and  no  other  outcrops  are  known  in  the  vicinity,  though  strong 
stains  are  very  prevalent  in  the  Big  Hill  adit,  2  miles  to  the  north-north-east. 


LETTER    OF   TRANSMITTAL. 


Geological  Survey  Office, 

Brisbane,  19tli  March,  1904. 

Sib, — I  have  the  honour  to  forward,  for  publication  as  a  "  Record,"  Mr. 
Etheridge's  "  Xot^s  on  the  Occurrence  of  the  ^enos  Haltftites  in  the  Palieozoic  Bock» 
of  Queensland,  and  its  Geological  Significance,*'  together  with  other  Notes  on  various 
anbjects  by  mys-lf. 


The  Under  Secretary  for  Mines, 
19th  March,  1904. 


I  have,  &c., 

B.  DUNSTAN, 

Acting  Government  Geologist. 


I— NOTES  ON  THE  TESTING  OF  CENTRAL 

QUEENSLAND  COAL. 


Several  tests  have  been  made  at  various  times  of  the  coal  in  the  Dawson- 
Mackenzie  basin,  and  recently  a  bulk  sample  from  the  mammoth  seam,  near 
the  Mackenzie  River,  has  been  tested  by  Mr.  C.  B.  MacDonald,  the  Coal 
Inspector  for  the  Railway  Department.  It  is  stated  in  his  report  that  the 
only  objectionable  feature  in  the  burning  of  the  coal  is  the  formation  of  clinker 
and  some  incrustation  in  the  end  of  the  tube  in  the  firebox,  j^e  also  states  that 
the  coal  ignites  readily  and  bums  brightly,  radiating  heat  well,  and  emitting 
no  smoke  when  properly  fired.  Vi 

The  tabulated  results  of  the  test,  amongst  other  data,  indicate  that  in  one 
trial  lib.  of  coal  evaporated  9.4  lb.  of  water  at  212  degrees  Fahf.,  and  that  in 
another  trial  1  lb.  of  coal  evaporated  9.7  lb.  of  water  under  similar  conditions. 
Iliefie  results  are  eminently  satisfactory,  and  compare  favourably  with  the 
English  Admiralty  te8t«  of  Welsh  coals,  which  indicate,  under  similar  con- 
ditions, that  on  an  average  1  lb.  of  Welsh  coal  evaporated  about  9  lb.  of  water. 
The  highest  results  in  the  tests  was  obtained  from  a  coal  which  evaporated 
10.7  lb.  of  water,  but  a  great  number  of  good  Welsh  coals  did  not  evaporate 
even  9  lb.  of  water. 

Coal  from  the  Bluff  has  also  been  tested  by  the  Railway  Department,  but 
Mr.  Graham,  for  whom  tJie  tests  were  njade,  states  that  the  results  were  not 
aatLsfactory  owing  to  the  coal  being  taken  too  close  to  a  disturbed  area,  but 
that  it  is  intended  to  proceed  with  the  development  of  the  mine,  and  to  have  a 
bulk  sample  taken  from  the  seam  further  away  from  the  disturbance. 

Coal  from  the  Central  Queensland  Coal  Syndicate's  mine  on  the  Dawson 
River  has  been  tested  by  the  Admiralty  authorties  in  Sydney,  the  results  of 
which  are  given  in  the  following  table : — 

RESULTS  OF  TRIAL  ON  H.M.S.  "WALLAROO." 
H.M,S.  "Wallaboo,"  at  Jkrvis  Bay,  29rH  Dbokmaeb,  1903. 


Date  of  trial     

rhiration  of  trial         

Average  apeed 

Coal  per  hour 

Average  ccal  luied  per  LH.P. 
I>i9taiioe  run  per  ton  of  coal 

Revolutions  per  minute        

Average  I. H.P.  

R&te  (>f  onmbustion 

Deposit  of  soot  in  tubes        

£mi«ion  of  smoke  (see  remarks)    ... 

Grate  surface  in  use 

Percentage  of  ash  and  clinker,  ap- 
proximate 

Maximum  temperature  of  coal  boxes 
under  similar  conditions 

State  uf  ship's  bottom  

Draught  of  water  at  beginning  of 

laa  EA &  >*•  «•*  ••■  ••« 

farce  of  wind 

State  of  sea       ...  

Direction  of  wind  relative  to  ship's 

course 
ConsniDption  per  square  foot  of  grate 

Burf ace  per  hour 


Anthracite  only. 


£qual  proportions 

Anthntoite  and 
Osborne  Wallsend. 
Forward  stokehold. 


Anthracite  only. 
Aft  stokebold. 


■ 

{ 


7  p.ra.  to  9*90  a.m., 

27-28/12/03 

14}  hours 

12-M 
44-2  cwt. 

271b. 

5*0  knots 

Sd.  105  •4«,  Pt.  1(M*4 

1,827 

Moderate 

Very  slight  and  of 

gritty  nature 

Slight 

3,508 

8-4 

90 

Fairly  clean 

17  ft.   8  in.  aft, 

IC  ft.  forward 

4  to  5 

Moderate 

On  beam 

3-28  lb. 


9*30  a.m  to  7  p.m.  ;  9.30  a.m.  to  7  p.m. 


I  tr 


9}  hours 

12-64 

16-75  cwt. 

205  lb. 

5*4  knots 

Sd.  108-8 

1,827 

Moderate 

Very  slight  and  of 

gritty  nature 

Slight 

754 

9-87 

90 

Fairly  clean 

17  ft.   8  in.  aft, 

16  ft.  forward 

4to5 

Moderate 

On  beam 

2-6  lb. 


9i  hours. 

12-64 
27 -6  cwt. 

3-2  lb. 
5-4  knots. 
Pt.  108-29. 

1,827. 

Moderate. 

Very  slight  and  of 

gntty  nature. 

Slight. 

754. 

10-41. 

90. 

Fairly  clean. 

17ft.  Sin.   aft, 

16  ft.  forward. 

4  to  5. 

Moderate. 

On  beam. 

4-1  lb. 


REMARKS. 

(1)  Trial  satiKfactory. 

(2)  Conditions: — 

Nor.  1  and  2  boilerg  lit  up  with  the  anthracite  coal :  Nos.  3  and  4  with 
Oiibome  Wallsend. 

In  No.  1  boiler  one  fire-bar  was  removed  from  each  tier,  and  fires  were  lit 
12  hours  before  steam  was  required  for  moving. 

In  No.  2  boiler  tires  were  lit  under  normal  conditions  10  hours  before 
steam  was  required. 

Steam  was  showing  in  No.  1  boiler  (sufficient  to  start  circulators)  in 
Gi  hours.     Steam  for  connecting  up  No.  2  boiler  was  ready  in  11^,  hours. 

As  soon  as  ship  was  clear  of  harbour,  Nos.  3  and  4  boilers  were  fired  with 
anthracite  coal  only,  and  trial  started  at  7  j).ni. 

All  drau<rht  plates  were  removed,  and  steam  was  regulated  by  the  fan 
engines,  the  air  pressure  varying  from  three-tenths  to  five-tenths. 

Fires  were  gradually  thickened  to  al)out  6  inches,  and  kept  level  by 
using  a  rake. 

It  was  seldom  necessiiry  to  use  the  pricker  excepting  in  ♦he  far  corners 
when  fires  looked  dead  from  ash-pits. 

The  fiames  never  extended  more  that  1  to  Ij  feet  over  the  surface  of  the 
fire. 

After  steaming  for  14  J  hours  with  anthracite  coal  in  forward  boilers,  an 
experiment  was  tried  with  mixing  the  anthracite  and  Osborne  Wallsend  in 
equal  proportions,  with  the  attached  results. 

The  aft  boilers  were  steamed  with  anthracite  coal  only  througliout  the  24 
1kiui*s.  At  tlie  coin])letion  the  fire-bars  were  covered  with  a  deposit  of  w^hite, 
powdery  ash,  easily  removed,  and  little  clinker. 

The  clinker  found  was  of  a  solid  nature,  1  inch  to  2  inches  in  thickness, 
which  was  easily  removed,  as  it  w^as  of  a  brittle  nature. 

Details  of  smoke  were  taken  from  the  bridge  each  hour  during  the  night, 
and  its  densitv  varied  from  0  to  1. 

When  tlie  mixing  of  coals  was  taking  place  details  were  taken  each  quarter 
of  an  hour  from  each  funnel,  and  comparisons  made. 

They  varied  from  0  to  2,  and  from  the  general  result  the  emission  of 
smoke  was  practically  nil. 

Jxo.  E.  Hewitt,  Captain. 

HA.MiLToy  J.  CoAD,  Engineer- Lieutenant  (Ringarooma). 

W.  H.  (tlasspolb,  Engineer- Lieutenant  (Wallaroo). 

SUGGESTIONS  BY  ENGINEER-LIEUTENANT  COAD. 

As  this  coal  is  of  a  non-coking  nature,  its  general  adoption  by  itself 
would  appear  impracticable,  as  it  is  only  possible  to  bum  it  under  very  limited 
conditions.  From  past  experience  with  anthracite  coal,  it  is  found  impracticable 
to  force  it  over  i-inch  air  pressure,  and  likewise  it  is  absolutely  necessary  to 
use  the  fans  while  burning  it.  From  the  results  obtained,  it  would  appear  an 
excellent  addition  to  the  ordinary  volatile  Australian  coal  if  mixed  in  propor- 
tions of  about  three  of  Australian  coal  to  one  of  anthracite;  for  it  is  inferred 
that  the  fonner  would  aid  the  complete  combustion  of  the  latter,  and  in  the 
process  of  combustion  a  large  proportion  of  smoke  would  be  eliminated. 


From  the  burning  of  this  anthracite  coal,  it  would  appear  to  be  of  much 
the  same  nature  as  that  which  is  obtained  from  South  Wales,  England,  although 
its  chemical  analysis,  as  supplied,  does  not  agree.  This  may  easily  be  accoimted 
for  by  the  fact  that  the  analyst  does  not  determine  his  results  in  the  same  way 
as  is  adopted  in  the  Admiralty  Laboratory  at  Cardiff. 

The  following  remarks  on  the  test  were  submitted  to  the  Under  Secretary 
bv  mvself : — 

"A  review  of  the  above  table  and  notes  thereon  shows  that  the  question  of 
the  Dawson  coal  being  smokeless  may  now  be  dismissed,  as  it  has  been  finally 
aijd  authoritatively  answered  in  the  affirmative. 

"Regarding  the  combustion  of  the  coal,  there  appears  to  be  no  doubt  that 
ir  is  rather  slow  to  ignite,  and  this  must  be  taken  as  an  objectionable  feature, 
llie  percentage  of  ash  and  clinker  is  satisfactorily  low  in  comparison  with  that 
of  high-class  Australian  coals,  the  latter  sometimes  reaching  double  the  amount 
shown  in  the  above  table. 

"The  crucial  point  about  the  test  is  the  quantity  of  coal  required  to 
produce  a  certain  amount  of  steam  in  a  given  time.  The  amount  of  coal  used 
in  the  Dawson  test  is  very  low,  but  I  am  of  opinion  that  even  better  results 
can  be  obtained  when  the  peculiarities  of  the  coal  are  understood.  The 
eniJ^iiieer-Heutenant  states,  in  effect,  that  the  coal  would  reduce  the  tendency 
of  other  Australian  coals  (which  under  Admiralty  conditions  are  inferior)  to 
make  smoke  if  burned  with  them:  and  as  New  South  Wales  coals  could  be 
obtained  more  conveniently  and  cheaper  than  Dawson  coal  in  the  Dawson- 
Mackenzie  coal  basin,  no  doubt  the  Admiralty  would  welcome  any  coal  of 
special  quality  which  would  help  to  bum  the  coals  they  can  so  easily  and 
clieaply  acquire. 

"i>o  far  as  the  Central  coals  are  concerned,  two  classes  exist,  and  if  it  be 
necessary  to  mix  the  Dawson  coal — which,  by  the  way,  is  distinctly  and 
decidedlv  not  an  anthracite — with  a  more  bituminous  coal,  this  later  class  of 
coal  can  be  supplied  either  from  the  Mackenzie  River  coal  or  from  the  Bluff 
on  the  Central  railway,  both  producing  a  more  or  less  caking  coal.  Indeed, 
I  am  of  opinion  that  the  coal  from  the  Mackenzie  and  the  Bluff  would  in 
themselves  produce  results  similar  to  a  combination  of  the  Dawson  and  southern 
coals.  I  would  therefore  suggest  the  next  stage  in  determining  the  qualities 
of  Central  Queensland  coal  should  be  to  have  a  trial  of  the  Mackenzie  or  Bluff 
coal  under  similar  conditions — preferably  the  Mackenzie. 

'The  conditions  laid  down  by  the  Admiralty,  briefly  stated,  are  as 
follow : — 

To  generate  steam  quickly  the  coal  should  bum  quickly.  Water 
should  be  converted  into  steam  with  a  small  consumption  of  the 
coal. 

The  coal  should  not  be  '^bituminous,"  as  such  coal  makes  smoke,  and 
this  is  objectionable. 

The  coal  should  be  dense  and  not  friable,  to  stow  compactly  into 
bimkers,  and  not  to  break  up  by  movements  of  the  vessel. 

It  should  be  to  some  extent  a  caking  coal,  so  that  the  particles  cohere 
when  in  the  furnace — an  advantageous  quality  when  a  vessel  is 
rolling  in  a  gale. 

No  coal  in  the  world  is  known  to  possess  all  these  qualities.'* 

Judging  from  the  manner  in  which  the  word  ''anthracite"  has  been 
used  recently,  there  seems  to  be  a  misconception  regarding  its  application. 
Even  in  works  of  reference  considerable  confusion  exists  as  to  how  it  should  be 


applied.  The  percentage  of  fixed  carbon  is  constantly  but  incorrectly  being 
used  as  a  basis  to  determine  whether  a  coal  is  or  is  not  an  anthracite.  A  coal 
high  in  fixed  carbon  (say,  90  per  cent.),  and  another  one  with,  say,  60  per  cent., 
might  each  be  a  true  anthracite,  although  between  them  there  is  a  difference  of 
30  per  cent,  of  fixed  carbon.  Of  coals  having  a  low  percentage  of  fixed  carbon, 
an  example  may  be  given  of  one  occurring  at  Hampden,  north  of  Mackay,  the 
composition  of  which  is  as  follows : — 

Moisture  2*4  percent. 

VolatilA  Mydro-carboDi         2*2       „ 

Fixed  Carbon    ...        ...        ...        ...        ...        ...        65*8       ,, 

A  ah  SQ'fi 

The  analysis  shows  nearly  30  per  cent,  of  ash,  and  the  coal  is  practically 
usele.ss ;  but  it  has  every  anthracitic  feature,  including  a  very  loir  jtercrntaf/e 
of  hydrocarhms  compared  to  that  of  fired  carbon. 

The  ratio  of  hydrocarbons  to  fixed  carbon  is  the  important  factor  in  the 
determination  of  an  anthracite,  and  as  a  result  of  this  it  in  found  that,  roughly, 
a  coal  with  less  than  10  per  cent,  of  hydrocarbons  may  be  considered  an 
anthracite,  while  with  a  slightly  higher  percentage  it  would  be  a  semi-anthracite 
or  semi-bituminous  coal.  An  increasing  quantity  of  hydrocarbons  graduates 
it  into  ordinary  bituminous  coal. 

The  amount  of  fixed  carbon  is  also  connuonly  taken  as  the  basis  of  tlie 
heating  power  of  coal,  but  a  coal  may  be  low  in  fixed  carbon  and  at  the  same 
time  produce  more  heat  than  an  anthracite.  This  is  because  of  the  heat- 
producing  element  in  its  volatile  hydrocarbons.  Hydrocarbons  contain 
hydrogen,  and  if  there  is  any  available  for  combustion,  which  is  not  always  the 
case,  one  per  cent,  of  it  is  found  to  be  equivalent  to  4^  per  cent,  of  carbon.  A 
coal  therefore  having  80  per  cent,  of  fixed  carbon  and  two  per  cent,  of 
**  available  "  hydj  ogen  in  its  hydrocarbons  would  have  nearly  as  much  heating 
power  iis  a  coal  with  90  per  cent,  of  fixed  carbon  and  no  available  hydrogen, 
while  a  coal  with  75  per  cent,  of  fixed  carbon' and  four  per  cent,  of  available 
h'^drogen  would  have  a  greater  heating  power  than  either  of  the  above.  New 
Zealand  AVestport  coal,  for  example,  is  not  an  anthracite  but  a  bituminous 
coal,  hav^ing  a  heating  power  greater  than  many  other  coals  which  have  much 
more  fixed  carbon  in  their  composition,  this  greater  heating  power  being  due 
to  the  available  hydrogen  in  the  volatile  hydrocarbons. 

In  the  results  of  the  recent  Admiralty  trials  of  Queensland  coals  no 
information  is  given  concerning  their  calorific  value.  This  is  to  be  regretted, 
as  it  is  as  necessary  to  know  how  much  heat  energy  is  contained  in  the  coals, 
and  how  nmch  is  being  wasted,  as  it  is  to  know  how  much  is  being  utilised. 

No  systematic  investigations  have  been  made  to  determine  the  economic 
value  of  Queensland's  resources  in  coal.  The  matter  is  one  of  increasing 
importance  from  a  commercial  standpoint,  and  an  examination  should  be  made 
of  all  the  coals  of  the  State.  The  results  should  be  tabulated  and  put  in  a  form 
available  to  both  producer  and  consumer. 

The  examination  should  comprise  a  number  of  tests;  but  the  principal 
ones  would  be — (1)  Chemical  analysis,  (2)  Calorimetric  tests,  (3)  Practical 
working  tests  in  marine  and  locomotive  engines,  (4)  Its  coke-making 
properties,  and  (5)  Its  suitability  for  making  gas  for  lighting  and  heating 
purposes. 

Tlie  commercial  aspect  must  not  be  forgotten,  and  amongst  other  things 
should  take  into  consideration  the  behaviour  of  the  coal  in  transit,  its  liability 
to  spontaneous  combustion,  the  question  of  convenience  to  port,  and  freedoni 
or  otherwise  of  consumption  in  fireboxes. 


II.-NOTES  ON  THE  OCCURRENCE  OF  GOLD  NUG- 
GETS AT  THE  DEE  RIVER,  NEAR  MOUNT 
MORGAN. 


An  inspection  on  18th  December  last  was  made  of  the  workings  on  the 
Dee  River,  where  recently  a  large  number  of  slugs  of  gold  have  been  unearthed. 
The  locality  is  about  4^  miles  from  Mount  Morgan,  in  a  north-easterly  direc- 
tion, and  in  the  vicinity  of  Mount  Usher,  as  shown  in  the  following  sketch 
plan : — 

SKETCH   PLAN. 
Sutwing  Locality  lofc^re  NuggeU  art  being  found  on  the  Dee  River. 


h^^^^^. 


'""■% 


Tlie  river  was  in  flood  at  the  time  of  the  visit,  and  many  of  the  workings 
could  not  be  examined ;  but  sufficient  data  was  obtained,  from  an  inspection  of 
the  workings  which  were  not  flooded,  and  also  from  the  workmen,  to  show  the 
manner  in  which  the  gold  occurs  in  the  wash,  and  how  it  came  into  it«  present 
position  During  the  time  of  the  examination  a  nugget  weighing  85^  oz.  was 
found  in  one  of  the  claims,  and  a  careful  inspection  was  made  of  the  spot  to 
obtain  all  the  information  bearing  on  its  origin. 

All  sorts  of  theories  had  been  suggested  to  account  for  the  gold  occurring 
in  such  coarse  pieces,  but  nothing  was  seen  different  to  the  usual  mode  of 
occurrence  of  alluvial  gold.  Some  of  the  miners  had  an  impression  that  the 
gold  was  formed  in  a  "  mullocky"  leader  in  the  adjacent  country  rocks,  and 
had  been  washed  down  to  where  now  it  is  being  found.  Others  were  of  the 
opinion  that  the  gold  had  been  formed  into  nuggets  in  the  alluvial  deposits,  or 
that  sniall  pieces  had  become  enlarged  by  the  i)recipitation  of  gold  on  their 
flurfaces. 
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The  latter  view  was  held  by  a  great  number  of  persons  because  of  the 
frosted  appearance  of  many  of  the  nuggets,  and  who  considered  that  the 
alluvial  gold,  to  biecome  frosted,  must  have  received  some  increment  by  the 
precipitation  on  its  surface  of  gold  held  in  solution.  This,  of  course,  need  not 
be  so,  and  the  frosted  appearance  may  be,  and  probably  is,  due  to  the  action  of 
percolating  mineral  waters,  by  which  the  surface  has  been  etched. 

The  idea  that  gold  was  formed  in  a  "mullocky"  leader  also  had  a  number 
of  advocates,  but  the  evidence  on  this  point  showed  conclusively  that  the  gold 
had  formed  in  association  with  quartz.  The  85^  oz.  nugget,  on  examination, 
besides  sliowing  a  frosted  surface,  was  found  to  be  penetrated  by  a  number  of 
six-sided  holes.  On  closer  inspection,  after  the  specimen  was  cleaned,  these 
holes  proved  to  be  the  casts  of  quartz  crystals,  in  which  all  the  well-known 
peculiarities  of  crj'stallisation  of  that  mineral  were  reproduced,  showing 
undoubtedly  the  gold  to  have  been  deposited  in  a  vugh  or  cavity  containing  a 
cluster  of  quartz  crystals.  The  following  rough  sketch  will  show  how  the  crold 
occurred,  and  from  it  the  conclusion  will  be  drawn  that  the  size  and  shape  of 
the  gold  nuggets  were  very  diflPerent  when  enclosed  in  the  cavity  of  quartz 
crystals  from  vhat  they  were  when  found  in  the  alluvial  wash,  after  being 
worn  into  their  present  form  by  attrition : — 

DEE  RIVER  NUGGET. 

Skftch  showing  Casts  of  Quartz  Crystals  in  Vie  Gold,  and  prohahh  po»iiion  of  the  Gold  in  (he 

Beef  from  which  it  was  derived. 


A.  Gold. 


B.  Quartz  Rebf  and  Cbtstals. 


C.  CouNTBY  Rook. 


It  may  naturally  be  assumed  that  a  cavity  or  vugh  of  quartz  crystals 
occurred  in  a  reef  of  quartz,  and  that  the  reef  has  been  gradually  weathered 
away  by  the  ordinary  processes  of  sub-serial  denudation ;  and  while  the  gold  was 
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bein;r  washed  away  from  the  reef  and  lodged  in  alluvial  deposits,  the  alluvial 
dejKi-sits  or  **wa8h"  was  fonninjr  by  the  accumulation  of  detrital  material 
derived  from  the  reef  itself  and  from  the  country  rock  in  the  vicinity. 

There  is  very  little  hope  of  finding  the  reef  which  contained  the  gold,  a» 
many  changes  have  taken  place  in  the  configuration  of  the  country  since  that 
time;  and  if  a  reef  containing  very  rich  gold  were  discovered  close  by  one 
would  be  very  nmch  inclined  to  think  it  had  quite  an  independent  existence  to 
the  reef  from  which  the  gold  recently  found  has  been  shed. 

The  prospect  of  finding  a  continuation  of  the  lead  above  or  below  the 
jtresent  workings  is  a  matter  of  concern  to  tlie  miners;  and,  although  further 
dis?coveries  of  gold  may  take  place,  no  favourable  feature  was  observed  diuring 
my  short  visit  to  indicate  any  great  extension  of  the  field.  The  confined  space 
between  the  hiil  in  which  the  lead  occurs  and  the  disturbance  of  old  leads  bv 
recent  encroachments  of  the  stream,  together  with  the  formation  of  recent 
de{>ositK  from  old  ones,  are  considerations  which  make  it  impossible  to 
determine  the  direction  of  the  lead  in  which  the  gold  has  been  deposited^  imtil 
the  gold  has  been  actually  found.  The  information  which  might  have  been 
obtained  from  a  longer  inspection  cannot  be  conjectured :  but,  while  nothing 
was  obsei  ved  to  indicate  the  permanence  of  tlie  field,  the  character  of  the  rocks 
in  the  country  round  about  shows  that  similar  deposits  might  be  found  having 
no  connection  with  this  one  on  the  Dee  River. 

A  quartzite  formation  in  the  vicinity  has  been  found  to  contain  gold,  and 
was  thought  by  the  miners  to  have  some  connection  with  the  alluvial  gold  found 
in  the  bed  of  the  river.  This  formation  is  not  a  reef,  but  an  altered 
sedimentary  deposit  impregnated  with  gold-bearing  pyrites,  and  consequently 
has  quite  a  distinct  origin  to  a  quartz  reef  in  which  such  massive  gold  specimens 
were  formed. 

Mention  mav  also  be  made  of  the  character  of  the  bed-rock  on  which  the 
gold  has  been  found,  in  view  of  the  opinion  expressed  that  it  might  have  been 
the  matrix  of  the  gold.  In  many  of  the  claims  the  bottom  of  the  wash  is  a  clay, 
in  which  some  of  the  gold  nuggets  were  partly  embedded,  while  in  other  places 
the  bottom  is  a  decomposed  shaly  sandstone  rock.  In  the  decomposed  bed- 
rock some  fragments  of  marine  fossils  were  discovered,  which  indicated  the 
strata  here  to  be  "  Gympie  '^  formation  of  Permo-Carboniferous  age.  The 
surrounding  country  appears  to  be  made  up  of  a  variety  of  rocks  of  similar 
formation  with  intrusions  of  acidic  and  basic  igneous  dykes. 


III.-PHOSPHATE-BEARING  ROCKS  IN  THE 
ROCKHAMPTON  DISTRICT. 


Reference  wag  made  in  the  Prdgreas  Report  for  the  year  1897*  to  the 
presence  of  a  phosphate  of  alumina  in  tlie  altered  slates  at  the  mouth  of 
Cawarral  Creek  and  on  the  islands  of  Keppel  Bay.  Since  that  time  the 
advantage  of  knowing  more  aliout  pLosphatic  deposits  has  induced  further 
attention  being  paid  to  their  occurrence,  and  the  results  of  an  eiaminatioti  of 
other  islands  and  of  the  mainland  on  this  part  of  the  Queensland  coast  showe 
that  phosphates,  in  association  with  altered  slate  rocks,  occur  at  Emu  Park, 
Yeppoon,  CiirtJB  Island,  and  Quoin  Island  to  the  south  of  Curtis  Island.  ITieee 
localities  are  shown  in  the  following  sketch  map: — 

KBPPEL  BAY  AND  ENVIRONS. 

Showinff  Potition  of  Serptntint,  LimntotK,  ani  Slate,  and  FhotfhaU-Uaring  Slati  Bettt. 


The  slate  country  seems  to  occur  as  a  belt  trending  north-west  and  south- 
east, and  extends  from  Facinp:  Island  to  beyond  Yeppoon.  The  rocks  in  this 
belt  consist  of  ferruginous,  clayey,  and  quartzose  slates,  which  are  more  or 
less  altered  and  contorted,  and  contain  masses  of  chert  and  quartz,  while  in 

■AnnaalPrngreu  Report!  for  the  yranisac-lsys.    Brubue:  By  Antbority,  1S99;  pp.l4aiid  16. 
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places  they  are  traversed  in  all  directions  by  fine  quartz  leaders.  Th« 
phosphates  occur  usually  as  apatite,  the  yellowish  and  brownish  lime  phosphate ; 
but  turquoise,  the  blui^  and  greenish  alumina  phosphate,  is  also  occasionally 
found. 

The  deposits  on  Eeppel  rocks  were  prospected  by  Mr.  E.  K.  Ogg,  of 
Kockhanipton,  and  from  a  quantity  of  phosphate  rock  in  his  possession  the 
TTfiter  took  an  average  sample  for  analysis.  This  yielded  at  the  rat«  of  14  per 
cent,  of  phosphoric  acid,  being  an  equilavent,  roughly,  of  about  40  per  cent,  of 
hme  and  aluiiiina,  the  result  not  being  con.^iidered  satisfactory.  The  sample, 
however,  is  frorn  one  of  a  number  of  places  along  the  coast  where  j^hosphates 
are  known  to  ciccur,  and  encourages  us  in  the  hope  of  finding  something 
better. 

At  Quoin  Island  Mr.  Ball  has  found  turquoise  as  small  irregular  masses 
and  veins  in  ferruginous  and  quartzose  slates,  but  the  occurrence  of  other 
phosiphates  was  not  noticed. 

At  Olsen's  Caves,  about  16  miles  in  a  northerly  direction  from  Rock- 
hampton,  an  investigation  has  been  made  to  detennine  the  extent  and 
richness  of  the  bat  guano  deposits  known  to  exist  there.  An  illustrated 
description  of  the  caves  has  been  published  by  Mr.  J.  Christensen,  Danish 
Consul,*  showing  the  possibilities  of  making  the  working  of  the  deposits  a 
profitable  undertaking.  Some  exploratory  work  has  been  carried  out  under 
his  directions,  showing  that  the  deposits  were  extensive,  and  contained  in 
places  pure  phosphate  of  lime,  but  the  results  were  not  encouraging,  and  work 
vas  suspended.  Every  endeavour  should  be  made  to  have  the  cave 
deposits  thoroughly  prospected  in  view  of  the  value  a  good  deposit  of  bat 
guano  would  be  for  agricultural  purposes. 


*01sen's  Caves,  near  HockhamptoD.     By  J.  C,  in  Q.G.M.J.,  1903,  p.  .572. 


IV.-THE    IRON    BONUS    COMMISSION-EVIDENCE 

TAKEN  IN  QUEENSLAND. 


The  Koyal  CommisHion  on  the  Federal  Bonus  Bill  held  three  sittings  in 
Brisbane  on  Isr  and  2nd  May,  to  take  evidence  bearing  on  the  occurrence  of 
iron  ore  deposits  in  Queensland.  Tliose  examined  were  Captain  Richards, 
general  manager  of  Mount  Morgan;  Mr.  \V.  Fryar,  Chief  Inspector  of  Mines; 
Mr.  L.  C.  Ball,  Assistant  Government  (Geologist;  Mr.  J.  Hargraves,  mining 
surveyor  of  Ipswich,  and  myself. 

The  information  accumulated  by  the  officers  of  the  Geological  Survey  was 
obtained  under  difficulties,  but  most  of  the  localities  have  been  visited  where 
minerals  used  in  the  production  of  iron  are  known  to  occur,  and  the  results  of 
tliese  inspections  was  of  the  greatest  value  for  the  purpose  in  view.  The 
report  of  the  Commission  has  been  published,  and  a  reprint  appears  in  the 
Government  Mining  Journal  of  14th  November,  1903. 

It  is  only  since  the  inquiiy  that  public  attention  has  been  drawn  to  the 
natural  facilities  possessed  by  Queensland  for  iron  manufacture,  and  the  almost 
boundless  resources  in  iron,  coal,  limestone,  and  other  accessory  minerals  on 
her  eastern  seaboard.  A  perusal  of  the  accompanying  plan  and  table  will  show 
the  locality  of  some  of  our  minerals,  and  their  position  with  regard  to  centres 
at  which  works  might  be  started. 

Tlie  following  is  a  sunnnary  of  evidence  taken  by  the  Iron  Bonust 
Commission  at  the  Brisbane  sittings : — 

SUMMARY  OF  EVIDENCE. 

The  Federal  Royal  Commission,  appointed  to  inquire  into  the  question  of 
the  proposed  establishment  of  the  iron  manufacturing  industry  in  Australia 
by  means  of  a  Government  bonus,  held  three  sittings  in  Brisbane — two  on  the 
Ist  May  and  one  on  the  2nd.  The  Commission  had  previously  taken  evidence 
in  Melbourne  and  Sydney,  and  the  sittings  were  held  here  during  the  recent 
visit  to  Queensland  of  its  Chairman  (Hon.  C.  C.  Kingston,  Federal  Minister  for 
Trade  and  Custom).  Besides  Mr.  Kingston,  the  other  members  of  the 
Commission  present  were:  Mr.  L.  E.  Groom,  Federal  Member  for  the  Darling 
Downs  (Q.)  and  Mr.  David  Watkins,  Federal  Member  for  Newcastle  (N.S.W.). 
Appended  is  a  summary  of  the  evidence  taken: — 

Mr.  Dun8tan\s  Evidence. 

Benjamin  Dunstan,  F.G.S.,  Acting  Government  Geologist,  of  Queensland, 
examined  by  Mr.  Kingston,  stated  that  he  had  been  in  the  employ  of  the 
Queensland  Government  for  the  past  six  years.  Asked  as  to  whether  he  had 
formed  an  opinion  as  to  the  prospect  of  the  successful  establishment  of  the 
manufacture  of  iron  and  steel  in  Queensland,  he  said  he  had  fonned  an  opinion 
on  that  subject  as  far  as  it  related  to  the  deposits  of  iron,  limestone,  coal,  and 
other  minerals  necessary  for  that  purpose.  From  the  quality,  locality,  and 
extent  of  the  iron  ore  and  coal  deposits,  as  well  as  the  availability  of  fluxes, 
he  was  satisfied — indeed,  had  no  doubt  in  his  mind — as  to  the  prospect  of 
successfully  establishing  such  an  industry  in  this  State.  From  a  commercial 
point  of  view,  he  could  not  express  an  opinion,  but  as  far  as  the  requisites  for 
the  manufacture  of  iron  were  concerned,  it  seemed  to  him  there  was  everything 
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that  could  be  desired.  The  materials  that  were  needed  were  readily  accessible, 
in  some  districts  were  within  a  short  distance  one  from  the  other,  and  from  this 
poiiit  of  view  everything  was  in  favour  of  the  successful  establishment  of  the 
iron  industry.  There  were  many  large  deposits  of  iron  known  to  exist  in 
Queensland.  He  had  prepared  a  plan  and  table  showing  some  of  Queensland's 
ironstone,  coal,  and  limestone  resources  (which  he  tendered  to  the  Commission). 
This  diagram  included  deposits  within  a  reasonable  distance  of  the  eastern 
coast,  and  gave  details  of  their  locality,  extent,  and  the  quality  of  the  ore. 
There  were  other  deposits,  but  they  were  not  convenient  to  the  seaboard,  and 
he  would  give  particulars  of  those  not  included  in  the  diagram.  The  particulars 
given  in  that  diagram  had  been  carefully  checked  in  his  office,  and  could  be 
relied  upon  as  being  correct. 

Speaking  of  iron  ore,  Mr.  Dunstan  said  there  were  a  great  number  »)f 
deposits  in  Queensland.  Particulars  had  been  prepared  altogether  of  about  a 
dozen.  There  were  a  number  shown  on  the  map  representing  the  eastern  coast 
of  Queensland,  and  in  addition  to  these  there  were  others  not  shown.  Tliese 
latter  occurred  inland,  and  comprised  Mount  Leviathan,  Kangaroo  Hills,  Wild 
River,  and  Mount  Lucy,  all  containing  valuable  deposits  of  ironstone.  Mount 
Leviathan  was  at  Cloncurry,  250  miles  from  Normanton  (on  the  Gulf  of 
Carpentaria),  210  miles  from  Winton,  where  coal  occurred,  and  550  miles  south- 
west from  Townsville.  Normanton  was  the  nearest  port.  The  nearest  railway 
was  at  Croydon,  but  a  railway  from  Cloncurry  would  be  most  likely  to  go  to 
Nonnanton  direct.  In  the  same  locality  as  Mount  Leviathan  there  was 
abundance  of  limestone,  and  at  Cloncurry  there  were  immense  deposits  of 
copper.  As  to  the  extent  and  quality  of  the  iron  ore  deposit  at  Mount 
Leviathan,  Dr.  Jack  (late  Government  Geologist),  in  Bulletin  No.  10  of  the 
ijueensland  Geological  Survey  Publications,  said  that  the  hill  consisted  of  "  a 
mass,  say  200  feet  high,  and  a  quarter  of  a  mile  in  diameter  at  its  base,  of 
the  purest  possible  iron  ore  The  greater  part  of  it  is  massive  or  granular  iron 
c«re,  with  only  a  few  grains  of  siliceous  sand.  Specinients  of  foliated  specular 
iron  may  be  picked  up,  and  parts  of  the  mountain  are  of  magnetite.  The 
sj>ecular  iron  is  frequently  magnetic."  As  to  the  quality  of  the  ore,  he  had  no 
analysis  further  than  that  obtained  by  Dr.  Jack,  but  it  would  be  obser\'ed  that 
he  described  it  as  "  the  purest  possible  iron  ore."  As  to  the  quantity,  taking  the 
height  as  200  feet  and  the  diameter  1,200  feet,  and  without  going  below  the 
base  of  the  mountain,  they  had  10,500,000  tons  of  haematite.  In  the  same 
locality  was  a  smaller  hill — Mount  Pisa — of  one-tenth  the  capacity  of  Mount 
liCviathan,  which  would  practically  give  another  1,000,000  tons — or  a  total  of 
11,500,000  tons.  The  two  mountains  were  two  miles  apart,  and  possibly 
were  connected  by  subsidiary  deposits  which  outcrop  in  various  places  between 
them.  Mr.  Cameron,  Assistant  Government  Geologist,  in  the  notes  already 
uresented  to  the  Commission,  had  given  particulars  of  Uiese  deposits.  (See 
Gffvernment  Mining  Journal,  March,  1903,  p.  126).  He  (Mr.  Dunstan)  had 
ftten  a  private  letter  from  Dr.  Jack,  who  was  now  in  London,  in  which  ha 
reiterated  the  description  which  he  had  previously  given  of  these  Cloncurry 
deposits.  With  regard  to  Kangaroo.  Hills,  a  report  had  been  made  on  this  as 
a  mineral  field,  but  Mr.  Ball,  Assistant  Government  Geologist,  who  was  also  to 
give  evidence,  would  give  a  review  of  it  later  on.  The  information  available 
concerning  the  deposit  on  the  Wild  River  was  from  a  report  by  Dr.  Jack.  As 
to  its  position,  it  was  80  miles  directly  south-west  of  Cairns,  and  was  reached 
by  rail  to  Mareeba,  46  miles,  and  thence  60  miles,  vid  Herberton,  by  road.  In 
a  report  written  in  October,  1898,  Dr.  Jack  had  descrilied  this  deposit  as  '*  a 
large  lode  of  pure  magnetic  iron  oxide."  Mount  Lucy  was  about  80  miles 
south-westerly  from  Cairns  on  the  Chillagoe  Railway  This  also  had  been 
reported  on  by  Dr.  Jack  in  a  "  Report  on  the  Chillagoe  Mining  District  and 
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Projected  Railway"  (Bulletin  No.  9,  Geological  Survey  of  Queenslaud,  p.  16). 
He  states  that  **  On  the  top  of  this  hill  is  an  enormous  outcrop  of  exceedingly 
pure  magnetite,"  and  that  '^  the  purity  and  abundance  of  the  ore  of  Mount  Lucy 
cannot  be  questioned." 

Limestone  deposits,  Mr.  Dunstan  stated,  were  found  at  Mortar  Island, 
Marble  Island,  Mackenzie  River,  Mount  Etna,  Fitzroy  River,  and  Cloncurry. 
Mortar  and  Marble  Islands  were  opposite  Broadsound,  40  miles  north-east  of 
St.  Lawrence,  150  miles  north  from  Keppel  Bay,  Broadniount,  and  Port  Alma. 
On  Mortar  Island  there  was  an  inexhaustible  quantity  of  the  purest  limestone. 
The  infonnation  he  had  obtained  regarding  this  deposit  was  the  result  of 
practical  working  tests  by  Messrs.  James  Campbell  and  Sons,  of  Brisbane.  Thia 
was  to  the  effect  that  it  contained  98  per  cent,  of  carbonate  of  lime,  while  the- 
81  one  was,  in  places,  a  beautiful  saccharoidal  marble,  and  free  from  clay  and 
silica.  Boats  loading  500  tons  could  be  comfortably  berthed  alongside  the 
island,  while  a  jetty  could  be  very  easily  made  to  ship  stone.  Mr.  Campbell 
had  given  him  an  approximate  estimate  that,  with  a  jetty  constructed,  lime- 
stone could  be  shipped  on  board  a  vessel  at  the  island  for  2s.  per  ton.  The 
Mackenzie  River  deposits  of  limestone  occurred  close  to  the  junction  of  the 
Isaacs  and  Mackenzie  Rivers,  and  within  60  miles  of  the  St.  Lawrence.  If  a 
railwav  were  constructed  from  the  Mackenzie  River  coal  beds  to  St.  Lawrence, 
it  would  pass  through  these  limestone  deposits.  As  to  the  quality,  it  was 
siliceous,  but  the  deposits  were  not  explored  at  the  time,  and  probably  places 
could  be  found  where  the  limestone  was  free  from  silica,  as  here  the  silica  only 
occurred  where  the  limestone  was  fossil  if  erous.  The  limestone  deposits  at 
Mount  Etna,  near  Rockhampton,  were  practically  inexhaustible.  No  analysis 
had  been  made  of  it,  but  large  quantities  had  been  used  for  liine-makiiig  for  •» 
great  number  of  years,  which  was  a  pretty  good  indication  that  there  was  not 
too  much  impurity  in  it.  The  deposit  on  the  Fitzroy  River  was  200  yards  from 
the  bank  of  the  river,  and  about  four  miles  north  of  Rockhampton.  Tlie 
analyses  showed  a  high  percentage  of  carbonate  of  lime,  but  the  analysis  was 
not  coin))lete.  Magnesia  was  present,  but  the  percentage  has  not  yet  been 
estimated.  As  to  the  Cloncurry  limestone,  Mr.  Ball  was  making  some  extracts 
from  the  official  reports,  and  these  would  be  submitted  later  on  in  the  sitting. 

Witness  next  spoke  of  the  coal  deposit*  of  the  State.  Asked  what  were  the 
chief  deposits,  he  said  there  were  the  Styx  River  coal,  the  Mackenzie  River 
coal,  the  Dawson  River  coal,  the  Callide  Creek  coal,  and  that  of  the  Burrum  and 
Ipswich  districts.  These  were  on  the  eastern  coast,  and  low  down  on  the 
coast,  but  there  were  other  deposits  further  north  and  inland  which  had  not 
been  investigated.  Asked  as  to  whether  there  were  anv  recent  discoveries  of 
coal,  Mr.  Dunstan  said  there  were  semi-anthracite  deposits  on  the  Dawson  and 
a  highly  bituminous  coal  dejjosit  on  the  Mackenzie  River.  The  official  tests 
which  had  recently  been  made  of  the  Dawson  coal  showed  that  it  was  anthracitic 
in  quality,  and  was  non-coking ;  but  the  test  that  had  been  made  of  the  coal 
away  from  the  banks  of  the  Mackenzie  River  submitted  to  the  Mines  Depart- 
ment by  the  Manmioth  Coal  Company,  working  at  the  Mackenzie  River, 
indicated  that  the  whole  of  the  20-feet  seam  is  not  an  anthracite,  but  a  coking 
coal  of  magnificent  quality,  having  a  very  small  percentage  of  ash  (6.5),  and 
a  ver\'  high  percentage  of  fixed  carbon  (77.5).  The  best  coal  for  iron  smelting 
was  undoubtedly  a  coking  coal,  producing  a  firm  coke,  but  anthracitic  coal  was 
also  very  valuable  for  the  same  purpose.  Practically  it  had  been  found  that 
anthracite  could  be  used  for  iron  smelting,  and  in  America  immense  quantities 
of  iron  were  produced  with  the  use  of  this  coal.  The  Geological  Survey  records 
showed  that  at  the  Styx  River  there  were  150  square  miles  of  coal  country. 
These  records  were  contained  in  a  report  (No.  84)  by  Mr.  Rands,  late  Govern- 
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ment  Geologist,  on  the  "  Styx  River  €aa1  Field."      An  analysis  from  one  seam 

seven  feet  thick  showed  11  per  cent,  of  ash  §11  ,the  coal,  which  made  a  firm  coke. 

A  15-iiich  seam  showed  3.8  per  cent,  of  ash^t^but  the  coal  would  not  coke. 

A  test  of  the  coal  made  on  the  Central  Railway,  and  recorded  in  the  above 

report  (page  10),  showed  good  results,  and  that  it  was  a  good  steam  coal   with 

little  a^.    Begarding  the  coal  in  the  Winton  bore,  quoting  from  official  records, 

Mr.  Dimstan  stated  that  its  position  w^as  1 30  miles  south-west  from  Hughenden, 

about  210  miles  south-east  from  Cloncurry,  and  360  miles  soqth-west  from 

Townsville.     Several  small  seams  had  been  reported,  but  there  wt«  nothing  to 

indicate  anything  larger  than  a  two-feet  seam.    Several  smaller  seams  than  that 

had  been  found  in  the  bore.    The  quality  showed  50  per  cent,  of  fixed  carbon, 

46  per  cent,  of  volatile  hydrocarbons,  and  five  per  cent,  of  ash.    It  did  not  fonii 

a  coherent  coke.    He  could  not  say  whether  it  would  make  a  good  smelting  coal, 

as  the  sample  that  had  been  tested  had  been  too  long  exposed ;  otherwise,  the 

percentages  showed  a  very  fair  coal,  and  possibly  a  fresher  sample  would  give 

more  satisfactory  results.     The  position  of  the  Mackenzie  River  coal  was  80 

miles  from  St.  Lawrence  (Broadsound),  and  40  miles  added  to  that  would  give 

the  total  distance  from  the  Mackenzie  coal  deposits  to  the  Marble  Island  iron  ore 

as  120  miles.     A  railwav  could  be  constructed  to  the  coast  over  dead-level 

country,  except  where  it  would  cross  the  Broadsound  Range,  while  the  length 

of  the  line  would  be  less  than  100  miles.    The  coal  outcrops  on  the  Mackenzie 

River,  and  had  been  traded  for  ten  miles.    If  it  extended  over  only  that  distance 

— and  his  opinion  was  that  it  was   vastly  greater   in   extent — the  estimated 

quantity  of  coal  available  would  be  200,000,000  tons  of  coking  coal.     The 

width  of  the  seam  was  given  as  20  feet.     A  prospecting  company  had  a  lease 

of  the  country,  and  they  were  trying  to  trace  the  outcrop  towards  the  Central 

Railway.     He  had  no  doubt  that  it  would  ultimately  be  found  on  the  Central 

Queensland  Railway.    Tlie  quality  of  the  coal  was  shown  in  the  plan  and  table 

exhibited  to  the  Commission,  and  indicated  a  very  high  percentage  of  coke. 

The  Ipswich  and  other  southern  coal  did  not  give  60  per  cent,  of  coke  on  an 

average,  whereas  this  ran  up  to  over  80  per  cent,  in  laboratory  tests.     While 

the  coal  in  the  20-feet  seam  yielded  82  per  cent,  of  coke,  which  contained 

11  per  cent,  of  ^Ai,  three  feet  of  that  seam  had  only  7.7  per  cent,  of  ash  in  its 

coke,  and  the  coal  produced  84  per  cent,  of  coke.     Speaking  generally,  the 

deposit  was  magnificent  in  quality,  while  the  quantity  was  inexhaustible,  if  coal 

ceuld  be  said  to  be  inexhaustible.     In  a  report  on  these  coal  measures — "  The 

Geology  of  the  Dawson  and  Mackenzie  River,"  with  maps  and  plates — written 

by  himself  (and  which  would  be  handed  to  the  Commission),  he  had  estimated 

5,000  square  miles  of  country  to  be  coal-bearing,  and  there  were  possibly  other 

outcrops  not  yet  discovered.    The  particulars  with  regard  to  the  Dawson  River 

coal  were  shown  pretty  clearly  in  the  plan  and  table  referred  to,  and  details 

were  furnished  in  the  Dawson-Mackenzie  Report.     A  remarkable  feature  of  this 

coal   was    its    uniformly    low    percentage  of  ash — 4.8  per  cent.     Particulars 

regarding  the  Callide  Creek  coal  deposits  were  also  shown  in  the  plan.    It  was 

a  non-coking  coal,  of  extra  fine  quality,  and  the  quantity  waa  estimated  by 

Mr.  Rands  to  be  50,000,000  tons.     It  had  been  worked  under  lease,  but  he 

understood  negotiations  were  now  in  progress  for  its  purchase  by  an  English 

company. 

By  Mr.  Watlins:  The  estimate  had  been  made  by  an  officer  of  the 
Geological  Depa anient,  who  liad  visited  the  field  and  inspected  the  shafts. 
The  quantity  was  easy  to  estimate,  because  the  seam  was  so  regularly  bedded. 
From  its  surface  the  depth  of  the  coal  was  about  40  feet  or  50  feet,  and  the 
thickness  of  the  coal  passing  through  the  various  shafts  was  about  21  feet. 
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Mr.  Dunstan,  continuing  his  evidence,  next  referred  to  wolfram  and 
molybdenite,  minerals  very  valuable  in  steel  manufacture,  which  he  said  were 
now  being  exported  from  Thomborough,  on  the  Hodgkinson,  in  North 
Queensland.  In  1902,  eighty  men  were  employed  in  mining  for  these  minerals, 
and  the  value  of  the  output  was  £6,793.  Chromite  and  manganese  were  also 
valuable  in  steel  manufacture.  Chrome  ore  was  found  in  a  belt  of  country- 
extending  from  Keppel  Bay  north-westerly  to  Marlborough.  It  was  in 
iimumerable  patches,  spread  over  a  large  area,  but  the  quantity  in  each  case 
had  not  been  shown  to  exceed  100  tons.  One  gentleman  had  stated  that  a 
deposit  exists  which  was  said  to  be  a  mountain  of  chromite  and  ironstone,  but 
as  it  was  not  protected  he  would  not  divulge  its  locality  further  than  that  it 
is  in  the  heavy  country  to  the  north  of  Rockhampton.  As  to  the  quality, 
analyses  had  been  made,  and  from  those  available  the  stone  had  been  shown 
to  contain  about  50  per  cent,  of  sesquioxide  of  chromium,  but  the  average 
very  probably  would  not  l)e  over  30  per  cent.  Deposits  of  manganese  had  been 
found  at  Mount  Crosbj^  nine  miles  from  Ipswich,  on  the  Upper  Brisbane  River. 
Some  of  these  had  been  examined,  and  analyses  indicated  the  mineral  to  be  very 
rich.  There  were  numerous  outcrops  in  the  locality.  The  deposits  were  most 
irregular,  but  masses  of  100  tons  and  less  were  known.  One  deposit  analysed 
showed  about  50  per  cent.,  and  another  (said  to  contain  100  tons)  70  per  cent, 
of  manganese  dioxide.  Manganese  had  also  been  found  at  Balcomba,  50  miles 
west  of  Rockliampton,  and  18  miles  north  of  the  Duaringa  Railway  Station  on 
the  Central  line.  The  deposit  was  diffcult  of  access,  being  in  mountainous 
countr}'.  A  quantity  of  500  tons  was  actually  exposed  on  the  surface  in 
irregular  deposits,  but  easily  mined.  No  analysis  had  been  made,  but  the  ore 
was  estimated  to  contain  50  per  cent,  of  manganese  dioxide. 

Asked  as  to  whether  the  Queensland  coal  was  being  largely  used,  Mr. 
Puiistan  said  the  deposits  of  which  he  had  the  highest  opinion  were  not  being 
UNed.  The  Ipswich  and  Bumim  coal  was  being  used  for  ordinary  steam,  but 
liot  for  metallurgical,  pui*j)oses.  He  thought  coke  could  be  produced  at  Ipswich 
suitable  in  every  respect  for  tlie  smelting  of  iron.  Queensland  imi)orted  some 
coal  from  Newcastle.  Nothing  had  been  attempted  in  Queensland  in  the 
direction  of  the  manufacture  of  iron.  Experiments  had  been  made  with  the 
ironstone  from  Iron  Island,  and  these  exi)eriment8  had  been  very  successful  in 
j^roducing  iron  that  has  been  worked  up  in  the  shop,  but  only  as  a  specimen. 
Speaking  generally,  and  looking  at  the  plan  and  table  which  he  had  prepared. 
Port  Alma  could  be  taken  as  a  centre  of  a  circle  having  a  radius  of  145  miles, 
and  within  that  circle  could  be  found  all  the  minerals  or  materials  (except 
wolfram  and  molybdenite)  necessary  for  the  manufacture  of  iron  and  steel, 
while  wolfram  and  molybdenite  were  obained  at  Thornborough,  west  of  Cairns, 
Northern  Queensland.  From  a  geological  point  of  view,  there  was  no  reason 
A\hatever  why  the  iron  manufacturing  industry  could  not  be  successfully 
established  in  Queensland. 

By  Mr.  Groom :  No  complete  survey  had  yet  been  made  of  the  iron 
deposits  of  this  State,  but  Mr.  Ball,  an  officer  of  the  Queensland  Geological 
Survey,  w^as  now,  and  had  been  for  some  months,  engaged  in  examining  the 
iron  deposits  throughout  Queensland.  As  the  work  progressed,  it  was  found 
that  the  deposits  ware  so  numerous,  and  were  spread  over  such  a  large  area, 
that  the  task  would  occupy  a  much  longer  time  than  was  at  first  anticipated. 
Those  already  enumerated  were  in  close  proximity  to  centres  of  population; 
but  there  were  vast  areas  of  Queensland  still  unexplored,  and  it  was  hardly 
possible  for  these  to  be  examined  without  fresh  deposits  being  discovered.  The 
Pitts  worth  deposit*  had  not  yet  been  inspected,  but  they  would  ultimately  be 
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examined  in  detail.  The  estimates  which  he  (Mr.  Dunstan)  had  given  were  the 
minimum — ^rery  low  and  cautious  estimates,  and  by  no  means  represented  the 
quantities  which  might  be  obtained. 

West  Morbton  Witxbssbs. 

Joseph  Hardgreaves,  mining  surveyor,  residing  at  Ipswich,  and  represen- 
tative of  the  Ipswich  and  West  Moreton  Mining  Managers'  Association, 
examined  by  Mr.  Groom,  stated,  with  regard  to  the  Ipswich  coal  beds,  that  tho 
developed  country  would  be  about  120  square  miles  in  extent,  while  there  was, 
he  thought,  five  times  that  area  undeveloped.  So  far  they  were  only  on  the 
fringe  of  the  coal,  and  had  not  gone  to  any  great  depth.  As  to  the  quality  of 
the  coal,  there  were  several  seams  that  were  particularly  suitable  for  coking — 
those  on  the  north  side  of  the  Bremer  River.  Some  of  this  coal  had  been  tested, 
aud  had  been  found  to  be  equal  to,  if  not  better  than,  any  in  the  world.  His 
opinion  as  to  the  possibilities  of  the  output  was  that  it  was  unlimited.  There 
were  at  present  21  seams  being  worked  separately,  but  it  was  possible  some  of 
these  might  be  found  to  be  one  and  the  same.  This  coalfield  produced  about 
360,000  tons  last  year.  Working  under  present  conditions,  and  without  the 
expenditure  of  any  further  capital,  three  times  that  quantity  could  be  turned 
out  He  read  several  certificates  from  experts  and  others,  including  Professor 
Pepper,  as  to  the  high  quality  of  the  Ipswich  coal.  The  coal  had  been  used 
for  smelting  purposes  at  Broken  Hill.  There  were  several  deposits  of  siliceous 
clay  and  limestone  in  the  Ipswich  district.  One  thing  in  favour  of  the  Ipswich 
deposits  was  that  they  could  be  worked  with  small  capital.  Coke  made  from 
Iftsvich  coal  had  been  found  suitable  for  smelting — none  better. 

By  Mr.  WatJcins:  He  thought  large  quantities  of  the  Ipswich  coal  were 
«>ent  to  Broken  Hill,  but  the  freight  told  against  it.  There  was  no  objection 
to  the  quality.  The  reason  no  more  coal  was  put  out  was  because  there  was 
not  sufficient  demand  for  it  Coal  had  been  imported  from  Newcastle  into 
Queensland,  but  last  year  the  quantity  was  only  six  per  cent,  or  seven  per  cent, 
of  the  total  consumption.  ITie  reason  for  this  importation  was  because  the  same 
freights  had  been  charged  to  the  north  from  Newcastle  as  from  Brisbane,  and 
because  ships  going  from  the  south  to  the  northern  ports  of  Queensland  for 
fruit,  and  having  little  forward  loading,  carried  New  South  Wale-^  coal  as 
ballast,  and  sold  it  cheap  on  the  ship's  account.  West  Moreton  coal  had  been 
exported ;  some  had  been  sent  to  Valparaiso.  The  difficulty  had  been  the  want 
of  special  facilities  for  quick  loading,  but  these  had  been  much  improved  of 
late.  On  the  Queensland  railways  Queensland  coal  only  was  used ;  they  would 
not  take  anything  else.  The  price  of  the  best  coal  was,  he  thought,  from  7s. 
to  Ss.  per  ton.  Ipswich  coal  could  be  supplied  at  the  pit^s  mouth  at  Gs.  8d. 
per  ton.  The  reason  why  it  could  not  compete  with  Newcastle  coal  at  lis.  was 
because  there  was  not  the  same  shipping  facilities. 

By  Mr.  Kingston:  The  average  earnings  of  the  Ipswich  miners,  working 
full  time — 7  o'clock  till  4  o'clock — ^were  £2  10s.  a  week.  Miners  were  paid 
from  2s.  lOd.  to  3s.  9d.  for  hewing  and  wheeling,  according  to  the  character  of 
the  seams  worked.  The  men  were  now  hardly  working  more  than  half-time — 
a  great  many  of  them  were  not  earning  more  than  £\  5s.  per  week.  From  year 
to  year  they  averaged  quite  three-quai^er  time.  It  was  a  time  of  depression 
now,  aud  one  result  was  that  many  men  were  leaving  the  district. 

William  Bendley,  who  stated  that  he  had  a  knowledge  of  the  iron  ore 
deposits  of  the  Ipswich  district,  said  there  were  seven  lodes  covering  an  area  of 
about  730  acres.  The  lodes  averaged  from  three  feet  to  four  feet  in  thickness, 
hut  he  did  not  know  anything  as  to  what  they  would  assay.  He  produced  a 
sample  of  iron  ore,  and  said  there  were  several  as  good  as  that.  He  had  had  no 
practical  experience  in  the  mining  of  iron. 

B 


18 

Mr.  W.  Frtar's  Evidence. 

William  Fryar,  Inspector  of  Mines,  Southern  Division,  questioned  by 
Mr.  Watkins,  said  he  had  held  the  position  of  inspector  of  mines  under  the 
Queensland  Government  for  twenty-one  years.  During  the  first  year  of  his 
service  he  was  inspector  for  the  whole  of  the  colony,  but  after  that  only  for 
the  Southern  and  Central  Divisions,  where  all  the  coal  mines  except  one  were 
situated.  He  was  of  opinion  that  the  coal  produced  in  Queensland  was  suitable 
for  the  smelting  of  iron  ores.  He  had  seen  coke  produced  from  it;  and  he 
thought  the  coke  from  coal  obtained  on  the  nortli  side  of  the  Bremer,  at 
Ipswich,  was  equal  to  any  that  could  be  produced  in  the  southern  hemisphere, 
while  it  could  be  still  further  greatly  improved  by  washing.  He  had  not 
actually  seen  the  coke  used  for  smelting,  because  there  had  not  been  any 
smelting  operations  carried  on  here,  except  at  Aldershot.  Asked  as  to  the 
extent  of  the  coal  fields  of  Queensland,  he  said  those  of  the  Central  district 
were  said  to  contain  40,000  square  miles.  The  Southern  district  had  been 
opened  up  to  the  extent  of  120  to  150  square  miles.  He  produced  a  list  of 
thirty-one  mines,  twenty-five  of  which  were  in  the  Ipswich  district,  three  on  the 
Darling  Downs,  two  in  the  Wide  Bay  district,  and  one  at  Clermont.  Four  of 
these  were  idle.  Practically  the  same  coal  measures  extended  from  a  short 
distance  west  of  Ipswich  to  the  Darling  Downs.  The  question  whether  coal 
was  near  enough  to  the  iron  ores  to  allow  of  the  latter  being  successfully 
manufactured  depended  greatly  on  the  cost  of  carnage.  For  instance,  the 
distance  from  Ipswich  to  the  North  was  considerable ;  but  if  the  coal  measures 
were  in  the  immediate  vicinity  of  the  ore,  the  position  would  be  much  more 
favourable.  Of  the  iron  ores  of  the  Ipswich  district  with  which  he  had  come 
immediately  in  contact,  he  had  not  foriued  a  favourable  opinion,  but  that  was 
a  matter  that  came  more  within  the  sphere  of  the  geologist.  He  had  seen  no 
large  beds  of  ironstone  in  the  innnediate  neighbourhood  of  the  coal  seams  of 
Ipswich.  The  Styx  Kiver  coal  was  in  close  proximity  to  the  iron  ore  of  Iron 
Island,  and  would  be  near  enough  to  warrant  their  being  worked  together. 
Then  there  were  not  only  iron  and  coal,  but  limestone  also,  in  close  proximity, 
and  he  certainly  thought  that  in  that  locality  there  were  all  the  essentials  for 
the  successful  establishment  of  the  iron  manufacturing  industry.  One  reason 
why  nothing  had  been  done  in  this  direction  hitherto  might  have  been  because 
the  demand  had  been  too  limited.  It  was  only  recently  that  oiu*  productions 
could  go  into  the  other  States  without  paying  duty,  and  the  State  market  was 
not  sufficient.  An  Australian  market  was  a  different  thing.  In  the  Ipswich 
coal  mines,  from  1,000  to  1,300  men  were  employed — about  1,000  below 
ground.  The  output  of  coal  had  increased  regularly,  with  some  variations, 
since  Separation.  The  production  during  the  past  four  years  has  been: 
1899,  494,009  tons;  1900,  497,132  tons:  1901,  539,472  tons;  1902,  501,531 
tons.  Tlie  reason  for  the  falling  off  last  year  was  the  same  as  had  operated 
in  other  industries — the  general  depression;  and  because  steamers,  having 
little  freight  for  the  North,  had  carried  coal  from  Newcastle  at  low  rates. 
He  thought  the  establishment  of  ironworks  would  uicrease  the  output  of  coal. 
He  did  not  think  it  would  help  us  much  to  establish  works  in  the  southern 
States,  but  he  was  speaking  of  the  Connnonwealth  generally.  He  could  nor. 
say  whether  it  would  be  possible  to  establish  ironworks  here  without  assistance 
fi'om  the  Crown.  He  certainly  thought  to  establish  such  works  in  the  State 
would  be  a  benefit  to  the  State.  Very  little  coke  had  been  sent  from  here  to 
Broken  Hill.  There  was  no  other  loading  except  the  coke,  and  that  made  the 
carriage  very  costly.  We  had  no  reason  to  fear  that  iron  smelting  could  not 
be  successfully  carried  on  with  our  coal;  on  the  contrary,  the  coal  was  of  a 
superior  quality  for  the  purpose,  and  he  thought  it  could  be  vastly  improved 
by  washing. 
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Captain  Gr.  A.  Eichard's  Evidkxce. 

Captain  Geo.  A.  Richard,  Metallurgical  Engineer  of  the  Mount  Morgan 
Gold  Mining  Company,  was  the  next  witness  examined.  Questioned  by  Mr. 
Kingston,  he  stated  that  he  had  had  about  twenty  years*  practice,  and  had 
had  considerable  experience  in  metallurgy,  including  iron  and  steel.  He  was 
iu  a  position  to  express  an  opinion  as  to  the  prospect  of  successfully  establishing 
iron  and  steel  works  in  Australia.  In  1901  he  visited  the  United  States,  and 
was  all  through  their  iron  and  stee!  regions.  He  went  with  a  special  object 
connected  with  the  Mount  Morgan  Company,  but  took  the  opportimity  of 
studying  the  iron  and  steel  industry  from  end  to  end — from  the  mine,  through 
the  tranjeport,  to  the  manufacture  of  iron  at  Pittsburg.  He  also  visited  the 
works  at  Colorado.  While  in  America  he  also  obtained  all  the  statistics  he 
could  get  relating  to  wages,  the  distances  over  which  the  raw  material  was 
railed  and  shipped,  and  especially  as  to  the  cost  of  manufacture.  He  was 
therefore  in  a  position,  w^ith  his  knowledge  of  the  resources  of  Australia,  to 
compare  the  prospects  in  Australia  with  actual  experience  in  the  United  States, 
and  his  opinion  was  that  iron  and  steel  could  be  successfully  manufactured  in 
this  country.  Since  he  had  come  back,  knowing  that  he  might  be  required  to 
give  evidence  before  the  Commission,  he  had  carefully  looked  into  the  question 
and  gathered  fmther  statistics,  and  he  was  quite  satisfied  on  the  subject. 
Wlien  in  London,  during  his  recent  trip,  he  discovered  that  two  propositions 
were  before  investors  for  establishing  iron  and  steel  manufactories  in  Australia, 
and  he  had  an  opportunity  of  going  through  the  reports  of  experts  on  those 
propositions,  with  the  result  that  those  reports  confirmed  the  opinion  which  he 
had  already  formed.  He  estimated  that  the  cost  of  producing  a  ton  of  pig 
iron  at  Pittsburg  varied  from  328.  per  ton  to  38s.  or  iOs.  per  ton.  That  was 
the  cost  of  production.  As  to  the  cost  of  producing  steel,  he  had  not  gone  into 
that  sufficiently  to  give  a  precise  estimate,  but,  roughly,  he  would  put  it  down 
ai  about  half  the'  selling  price.  The  price  of  the  pig  iron  varied,  but  the 
statistics  which  he  had  with  him  gave  the  lowest  price  in  America  as 
£1  15s.  -Id.,  and  the  highest  £3  198.  2d.  The  Mount  Morgan  Company  paid  for 
pig  iron  landed  in  Keppel  Bay  in  1901,  £5  5s.,  X4  15s.,  and  £5  5s.  per  ton 
for  different  sliipments.  As  to  the  relative  cost  of  steel,  when  pig  iron  cost 
a  certiiii  sum  steel  proportionately  cost  so  nmch  more.  On  an  average, 
when  the  selling  price  of  pig  was  £1  lis.  10 Jd.,  steel  was  £3  Gs.  9d.  That  was 
a  good  average  rule — that  steel  practically  cost  twice  as  nmch  as  pig  iron. 
Those  prices  were  at  the  factory;  pig  iron  was  generally  bought  f.o.b.  in 
America.  As  to  the  cost  of  a  ton  of  pig  landed  in  Australia,  he  could  not  give 
anything  closer  than  the  Mount  Morgan  figures.  He  was  satisfied  that  pig 
iron  could  be  produced  in  Australia  at  the  same  price  as  in  America.  He 
spoke  from  his  knowledge  of  the  iron  and  other  mineral  resources  of  this 
country,  and  he  had  compared  the  conditions  of  the  two  countries  piece  by 
piece — wages,  cost  of  living,  cost  of  transport,  cost  of  coal  and  coke,  and  so 
on.  He  was  speaking  of  Australia  generally,  and  that  included  Queensland 
generally,  although  not  specifically.  In  Australia  the  coal  and  ore  were  much 
nearer  the  seaboard  than  in  America.  As  a  rule,  it  was  better  to  take  the  ore 
to  the  coal  than  the  coal  to  the  ore,  although  sometimes  there  were  conditions 
— such  as  return  loading — ^which  formed  exceptions.  The  iron  and  the  coal 
were  very  rarely  close  together.  There  were  only  two  instances  in  the  world 
where  iron  and  coal  were  found  close  together  in  large  quantities — in  England 
and  Alabama.  The  wages  throughout  the  iron  regions  of  America  were  very 
similar  to  those  paid  in  Australia.  About  Is.  an  hour  was  the  average  of  the 
iron  workers  in  America.  He  had  not  worked  out  exactly  the  cost  of  producing 
a  ton  of  pig  in  Australia,  but   it  would  probably  be  from   38s.   to  40s. — 
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practically  the  same  as  in  America.  He  was  satisfied  there  was  no  reason  why 
it  could  not  be  produced  at  about  that  cost — a  little  more  or  less;  and  there 
was  nothing  to  lead  him  to  doubt  why  it  could  not  be  placed  on  the  market  in 
Australia  at  the  same  price  as  it  cost  in  America.  In  forming  that  conclusion, 
he  considered  the  cost  of  materials,  &c. — iron  ore,  coke,  limestone,  manganese, 
labour,  and  sundries.  The  different  costs  of  producing  a  ton  of  iron  in 
Australia  should  be,  approximately — 1.8  tons  of  iron  ore  at  58.  6d.  per  ton, 
10s. ;  half  a  ton  of  fluxes,  4s. ;  labour,  5s. ;  repairs,  3s. ;  sundries,  3s.  That 
would  be  under  the  most  favourable  conditions,  and  he  had  not  allowed 
anything  for  interest  on  the  cost  of  plant  or  for  management,  which  were 
allowed  on  the  American  estimate.  These  items,  in  the  case  of  a  large  output, 
would  come  to  a  veiy  small  sum — possibly  Is.  or  2s.  per  ton  would  be  sufficient. 

Asked  whether  he  recognised  the  necessity  for  a  bonus  to  assist  the 
establishment  of  the  iron  industry,  Capt.  Richard  said  he  did,  and  stated  that, 
without  such  assistance,  it  was  very  hard  to  get  people  to  have  anything  to  do 
with  it.  He  had  made  it  his  business  to  talk  the  matter  over  with  men  of 
capital  ill  London,  and  he  found  they  had  got  it  into  their  heads  that  wages 
"were  high  in  Australia,  that  labour  conditions  were  unsatisfactory,  and  that 
these  elements  made  it  risky  to  invest  capital  here,  especially  in  new  enter- 
prises. He  believed  the  offer  of  a  bonus  of  £250,000  would  induce  the 
embarkation  of  the  necessary  capital — that  it  would  assure  a  certain  result. 
He  believed  the  requirements  of  Australia  in  the  shape  of  manufactured  iron 
would  be  about  200,000  to  300,000  tons  per  annum.  Works  to  produce  that 
quantity  would  not  be  a  very  large  works,  and  would  cost  somethin^r 
between  £750,000  and  £1,000,000,  although  that  would  depend  upon 
certain  conditions — such  as  whether  the  works  provided  their  own  freight 
steamers  and  built  branch  railways.  He  also  called  the  attention  of  the 
Commission  to  the  way  in  which  the  world^s  demand  for  iron  was  increasing, 
and  presented  some  statistics  in  proof  of  his  statement. 

By  Mr.  Groom:  As  to  what  were  Australia's  chances  from  this  demand, 
he  thought  there  was  going  to  be  a  very  big  demand  in  the  East,  that 
Australian  works  would  not  only  be  able  to  supply  Australian  demands,  but 
compete  with  the  United  States  for  the  Eastern  trade. 

By  Mr,  Kingston :  There  was  only  one  works  in  the  Pacific  Ocean,  at 
Japan.  Australia  could  compete  with  America,  because  her  works  could  be  put 
at  the  seaboard,  while  the  Americans  had  to  pay  9s.  per  ton  to  get  their  ore  to 
port.  Germany  had  low  wages,  but  low-grade  ores  and  high  cost  of  transport. 
The  United  States,  too,  had  heavy  royalties  to  pay.  Australian  ores  were  better 
than  the  (Jerman,  and  were  equal  to  the  American,  with  carriage  in  favour 
of  Australian.  He  was  satisfied  that  economic  conditions  favoured  Australian 
works  as  against  German  or  American.  When  he  was  in  America 
the  people  there  were  searching  the  Pacific  slope  for  material  to  supply  the 
Eastern  demand,  but  the  result,  he  believed,  was  very  unfavourable.  One 
reason  why  a  bonus  was  necessary  to  overcome  the  "inertia"  of  capital  as 
far  as  Australia  was  concerned  was  that  large  capitalists  in  America  and  Europe 
had  their  money  invested  in  railways,  vessels,  <kc.,  and  they  naturally  preferred 
spending  their  money  where  their  present  undertakings  existed.  Here  we  had 
not  that  huge  capital  that  existed  in  other  places,  and  we  needed  to  offer 
special  inducements  to  overcome  the  "  inertia"  of  which  he  had  spoken.  The 
demand  was  increasing  so  rapidly  that  new  works  would  have  to  be  erected 
somewhere.  While  it  was  a  fact  that  some  works  had  been  closed  down, 
others  had  taken  their  places  in  more  favourable  positions,  and  under  very 
inuch  more  favourable  conditions.     This  illustrated  the  necessity  of  having 
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works  established  under  the  best  conditions,  such  as  prevailed  in  Australia. 
The  tendency  now  was  to  put  the  works  where  the  raw  material  was  best  and 
and  cheapest.  In  this  respect  Australia  had  eyerything  in  its  favour,  but  the 
difficulty  was  to  get  capitalists  to  realise  the  advantageous  conditions  which 
existed  here.  He  had  compared  analyses  of  the  Lake  Superior  iron  ores  with 
those  of  Australian  ores,  and  had  not  found  that  the  former  were  better  than 
the  Australian.  He  was  aware  that  large  quantities  of  Spanish  ores  had  been 
introduced  into  England.  He  had  seen  specimens  ^f  coal  from  the  Dawson 
River.  It  seemed  to  be  a  semi-anthracite,  but  he  had  not  analysed  it.  It  was 
not  quite  as  good  as  the  Pennsylvanian  coal.  During  1901,  7,164,000  tons 
of  iron  had  been  smelted  with  coke,  and  2,500,000  tons  with  anthracite. 

By  Mr.  Groom  :  The  estimation  of  the  Queensland  iron  ores,  so  far,  were 
based  on  surface  indications,  and  could  only  be  that  of  hard  ores.  The  greater 
proportion  of  iron  ores  were  hard  on  the  surface,  but  softer  lower  down.  He 
knew  of  one  case  in  America  where  the  soft  iron  had  not  been  discovered  for 
fifteen  years. 

By  Mr,  Wat  kins:  The  Tasmanian  ores  were  hard  ores.  For  this  reason 
he  did  not  attach  much  importance  to  an  estimation  of  ore  in  sight  in  flat 
country. 

Mr.  Kingston:  But  you  attach  importance  to  it  when  it  is  practically  in 
sight  to  the  extent  of  1,000,000  tons? 

Captain  Richard:  If  only  a  few  hundred  tons  were  in  sight  there  might 
be  a  very  big  mine  lower  down.  The  work  of  discovering  mines  was  quite  a 
separate  business  in  America.  In  Queensland  our  iron  deposits  had  not  even 
been  trenched  on. 

By  Mr.  Groom:  Although  there  were  some  conditions  in  Australia  not 
80  favourable  as  in  America,  there  were  more  conditions  in  this  country  that 
^ere  favourable.  The  conditions  at  the  Blyth  River,  Tasmania,  were  very 
favourable. 

Mr.  Watkins:  You  are  very  distinctly  of  opinion  that  iron  can  be 
manufactured  in  Australia  at  the  same  cost  as  in  America.  Can  you  explain 
how,  with  a  difference  of  about  X3  per  ton,  in  favour  of  Australia,  between  the 
the  selling  cost  in  America  and  the  price  landed  in  this  country,  capitalists 
still  require  a  bonus  to  induce  them  to  embark  in  the  enterprise  1 

Cajftain  Richard:  He  had  already  explained  that  in  America  there  were 
a  great  many  large  capitalists — millionaires — who  had  already  vested  interests 
in  their  own  countries,  that  iron  and  steel  works  would  improve  the  under- 
takings in  which  their  money  had  been  invested,  and  that  they  naturally 
preferred  to  do  what  they  could  to  advance  the  enterprises  in  which  they  were 
personally  interested.  Similar  conditions  prevailed  in  England  and  in 
Germany.  He  would  point  out,  also,  that  the  iron  and  coal  resources  of 
Australia  had  only  been  studied  quite  lately — in  Queensland  only  for  a  few 
weeks;  and  capitalists  liked  a  thing  to  mature  before  investing  their  money. 
Moreover,  pioneers  in  an  industry,  who  ran  special  risks,  expected  to  be 
rewarded  for  those  risks,  and  for  the  advantages  which  they  conferred  upon 
a  country  by  their  enterprise.  Then  recent  legislation  in  Australia  had  had  an 
unsettling  effect. 

Mr.  Watkins:  In  what  respect  ? 

Captain  Richard:  The  Wages  Board  in  Victoria,  and  legislation  of  that 
sort.  Capital  was  always  very  timid.  There  were  also  the  risks  of  mistakes 
in  management.  For  instance,  works  might  be  placed  in  a  wrong  position, 
and  other  works,  more  favourably  situated,  might  be  erected  and  cut  them  out 
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cent,  and  73  per  cent,  of  iron,  with  a  trace  of  phosphorous  in  one  case  and  noi 
in  the  other.  That  made  it  almost  absolutely  pure  ore.  At  Alma  Creel 
shown  on  the  plan  and  table,  there  were  deposits  of  titaniferous  ore.  He  rea 
two  analyses  of  the  ore : —  -—* 

w  v  nln7ft  •••  ■■«  •••  ••• 

k^&A  ▼  C&  •••  •■•  ■••  •■• 

Alumina      

Iron 

Manganese 

A«i&UO   •••  •••  •■•  ••■  •«■ 

Magnesia 

FhoaphoroQS  

Titanic  Acid  | 

The  second  analysis  was  from  a  separate  deposit.    In  the  Brisbane  and  Ipswich 

districts  there  were  also  deposits  of  iron  ore,  which  were  shown  on  the  plan  and 

table.     Nothing  had  been  done  in  the  way  of  working  them.    In  the  Gladstone 

district  the  most  important  deposit  was  at  Glassford  Creek,  and  this  was  also 

shown  on  the  plan.     None  of  the  Queensland  iron  deposits  had  been  worked 

except  for  fluxes  for  the  smelting  works  at  Aldershot.     The  iron  ore  deposit 

which  he  considered  the  most  valuable  or  the  most  capable  of  successful  futm-e 

working  was  that  at  Iron  Island — that  was  the  one  to  which  he  attached  the 

most  importance  for  the  purpose  of  manufacturing  iron.     Next  in  order  he 

would  take  Mount  Lucy,  on  the  Chillagoe  Railway.     In  connection  with  the 

iron  on  Iron  Island,  there  was  an  island  close  by  giving  an  unlimited  supply 

of  limestone.     Speaking  generally,  in  all  cases  where  iron  had  been  found  in 

the  State,  tliere  was  abundance  of  limestone  close  by  except  in  the  Ipswich 

district.     As  far   as   was  at  present   known,  the  most  important  deposit  of 

limestone  was   that  at  Mortar  Island.     The   deposits  at  Moimt  Etna,    near 

Eockhampton,  were  being  worked.     He  had  made  some  notes  regarding  the 

BuiTum  coal,  and  had  a  report  by  Mr.  Rands,  a  former  Government  Geologist, 

and  himself.     (G.S.Q.P.,  No.  170,  "The  Burrum  Coal  Field.")     Howard,  the 

centre  of  the  coal  field,  was  18  miles  north-west  of  Maryborough  by  rail.     The 

average  percentage  of  coke  shown  in  the  Burrmn  coal  was  66.8  per  cent.     This 

was  a  field  likely  to  be  largely  drawn  upon  in  the  future.    It  had  been  worked 

for  the  past  twenty  years,  and  there  was  certainly  as  much  coal  likely  to  be 

taken  out  in  the  future  as  had  been  got  out  in  the  past.     The  best  analysis 

that  had  been  made  for  coking  purposes  showed  only  three  per  cent,  of  ash. 

As  to  which  was  the  best  coal  for  smelting  purposes,  there  was  a  doubt  as 

between  the  Ipswich  and  Burriun  coal,  but  at  present  met-allurgists  preferred 

the  Burrum.     Chromite  occurred  at  Ipswich,  but  it  had  not  been  worked,  and 

and  the  quantity  was  not  known.     At  Mount  Miller,  six  miles  from  Gladstone,. 

there  was  manganese  ore.    Manganese  was  absolutely  necessary  in  the  making 

of  steel.     The  quantity  at  Mount  Miller  had  been  estimated  at  160,000  tons. 

The  quality  of  the  ore  was  better  than  that  ordinarily  used  for  smelting 

purposes.     It  was  not  at  present  being  exported  for  this  purpose,  but  it  was 

proposed  to  do  so.     There  was  a  small  amount  of  manganese  near  Ipswich, 

but  it  had  not  been  examined.    He  was  quite  satisfied  that  Queensland  had  all 

the  requisites  for  the  satisfactory  establishment  and  maintenance  of  the  iron 

industry  within  its  borders. 

By  Mr.  Wathins:  He  was  speaking  purely  from  a  geological  standpoint. 
Seeing  that  we  had  a  very  pure  ore,  he  did  not  see,  if  an  attempt  to  establish 
tlie  industry  failed,  that  it  could  be  the  fault  of  the  ore,  provided  the  fluxes 
were  right.     He  had  heard  that  after  furnaces  had  been  erected  and  used,. 
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even  with  suitable  ores,  it  had  been  necessary  to  pull  them  down  and 
reconstruct  them,  but  he  could  not  speak  of  any  particular  cases.  He  had 
not  examined  our  coal  with  the  view  of  ascertaining  whether  it  was  specially 
suitable  as  a  smelting  coal.  He  believed  the  coal  could  produce  coke  good 
enough  for  the  purpose,  but  that  was  a  matter  for  actual  test.  He  certainly 
believed  that  the  output  of  coal  would  increase,  not  diminish. 

By  Mr.  Groom  :  It  was  only  during  the  sittings  of  this  Commission  that 
he  had  been  specially  examining  the  iron  deposits  of  the  State.  Before  that 
he  had  conmienced  a  report  on  the  manganese  and  iron  deposits,  but  since 
then  he  had  been  solely  directing  his  attention  to  iron — only  during  the  past 
month  or  so.  As  to  the  clay  ironstone  deposits  of  the  Ipswich  district,  there 
were  ten  outcrops  within  two  miles.  One  seam  was  two  feet  sis  inches  thick. 
Such  a  seam  would  contain  11,000  tons  of  ore  per  acre.  There  was  no  reason 
why  these  deposits  should  not  occur  throughout  the  Ipswich  coal  measures. 
Even  at  that  thickness  tihey  might  be  worked,  but  they  would  not  be  considered 
important  deposits.  The  Pine  Moimtain  deposits  on  the  surface  were  too 
siliceous,  but  they  might  improve  with  depth. 

This  closed  the  evidence  taken  in  Brisbane. 


v.— NOTES  ON  ASBESTOS  IN  THE  ROCKHAMPTON 

DISTRICT. 


For  many  years  asbestos  has  been  known  to  occur  in  the  serpentine  belt 
which  extends  in  a  north-westerly  direction  from  Balnagowan,  near  Keppel 
Bay,  to  Yaamba,  Princhester,  and  Marlborough. 

Near  Princhester  there  are  some  old  workings  which  were  opened  many 
years  ago  to  determine  the  character  of  the  asbestos  deposits  there.  Recently 
Mr.  E.  K.  Ogg,  of  Rockhampton,  visited  the  locality,  and  from  the  old  workings 
obtained  samples  of  the  asbestos  for  the  purpose  of  making  an  examination, 
and  to  determine  their  value  as  a  commercial  commodity. 

The  country  is  serpentine,  and  the  veins  of  asbestos  occur  in  all  sizes  up 
to  a  foot  or  more  in  thickness.  The  asbestos  in  the  larger  veins  is  coarse  in 
texture,  but  one  sample  from  a  seam  about  two  inches  in  thickness  showed 
asbestos  of  a  much  finer  quality.  All  the  samples  were  much  ironstained,  and 
partly  decomposed  by  the  action  of  surface  water,  the  workings  not  being 
deep  enough  to  obtain  the  asbestos  unaltered. 

Messrs.  Hall  and  Stokes,  in  a  paper  read  before  the  Royal  Society  of 
Queensland  some  years  ago,*  described  the  asbestos  deposits  occurring  near  the 
junction  of  Tilpal,  Princhester,  and  Glen  Prairie  runs,  and  in  their  summary 
regarding  the  occurrence  of  asbestos  and  the  propects  of  establishing  an 
industry  in  this  mineral,  states  their  belief  **  that,  on  proper  search  being 
made,  veins  of  asbestos  of  good  quality  and  payable  size  will  be  discovered, 
and  that  a  permanent  industry  w^ill  be  the  result."  They  also  think  that 
**a  wider  knowledge  of  tlie  modes  of  occurrence  and  methods  of  working  may 
lead  to  search  being  made  in  other  serpentine  areas." 

Asbestos,  to  be  valuable,  nmst  be  pure,  clean,  strong,  fine,  and  capable 
of  being  woven,  the  latter  quality  being  quite  distinct  from  its  degree  of 
fineness,  and  depending  on  the  somewhat  flossy  nature  of  the  individual  fibres. 
Many  other  inferior  grades  of  asbestos  are  used,  however,  for  manufacturing 
purposes;  but  to  work  asbestos  successfully,  it  appears  that  the  occurrence 
of  the  high-class  material  is  indispensible  at  the  outset. 

The  material  obtained  recently  by  Mr.  E.  K.  Ogg,  when  microscopically 
examined,  shows  the  fibres  to  be  finer  than  the  best  quality  of  Italian  asbestos, 
but  no  further  comparison  could  be  made,  as  the  sample  was  too  much 
decomposed ;  neither,  for  the  same  reason,  could  the  structure  of  the  individual 
fibres  be  examined  to  determine  their  fitness  for  weaving  purposes. 

*  Proceedings  cf  the  Royal  Society  of  Qaeenriand,  1890  to  1893.     Vols.  VII.,  VIII.,  and  IX.» 

p.  120. 


TI.-NOTES    ON    THE    GEOLOGICAL    HISTOKY   OF 

KEPPEL  BAY. 


The  occurrence  of  the  phosphat^bearing  slate  belt  referred  to  in  a  previous 
article,  and  its  asHOciation  with  a  serpentine  belt,  discloses  some  features 
regarding  the  geological  history  of  Keppel  Bay. 

From  Balnagowan,  on  the  mainland,  to  the  west  of  Keppel  Bay,  a  belt  of 
strpentine  rock  extends  north-westerly  towards  Cawarral  and  Marlborough, 
jind  are  parallel  with  the  slate  belt  trending  in  the  same  direction,  while  on  the 
other  side  of  the  serpentine,  at  Yaamba,  there  are  masses  of  Devonian  lime- 
stone which  form,  with  the  slates  associated  with  them,  a  third  belt  in  the 
^me  geological  series. 

The  same  series  appear  to  have  been  repeated  in  the  direction  of 
Gladstone  to  the  south-east.  The  slates  of  Curtis  Island  are  similar  to  those 
north  of  Balnagowan  and  at  Cawarral,  and  there  are  limestones  corresponding 
to  those  at  Yaamba,  on  the  mainland  at  Raglan  opposite  Curtis  Island,  but 
the  serpentine  between  the  limestones  of  Yaamba  and  the  Cawarral  slates  are 
j^preseiited  between  Curtis  Island  and  the  mainland  by  the  depression  forming 
the  channel  and  the  low  country  of  the  "  Narrows." 

Curtis  Island  and  the  mainland  to  the  north  of  the  Fitzroy  River  once 
^ere  connected,  and  the  land  now  forming  Curtis  Island  was  a  peninsula.  At 
that  time  Keppel  Bay  was  not  in  existence,  and  the  river  must  have  had  some 
other  outlet  to  the  sea. 

The  river  at  that  time  draining  the  country  fairly  agrees  with  the  course  of 
the  Fitzroy  River  of  the  present  day  so  far  as  the  upper  reaches  are  concerned, 
hut  with  the  slate  country  of  Curtis  Island  joined  up  with  Cawarral,  and  Keppel 
Bay  non-existent,  the  river  has  trended  away  to  the  south-east,  and  following 
the  line  of  rocks  which  least  resists  its  denuding  action,  has  made  a  course  for 
itself  in  the  serpentine  belt,  and  flowed  along  the  west  of  what  now  is  Curtis 
Island  in  the  present  channel  of  the  "  Narrows." 

The  country  to  the  west  of  the  peninsula  must  have  been  low  and 
ewampy,  and  a  vast  quantity  of  sand  and  mud  brought  down  the  river  has 
accumulated  there  to  fonn  a  series  of  sandstones  and  shales.  While  this 
fiUing-up  process  was  going  on  the  river  gradually  wore  away  part  of  the 
f>eninsula,  through  which  a  second  outlet  to  the  sea  was  made,  thus  forming 
Curtis  Island,  and  with  tlie  opening  of  tlie  new  channel  the  old  one  by  degrees 
l)ecame  closed. 

Since  then  the  country  has  been  subjected  to  some  alterations  in  level,  and 
the  Mesozoic  rocks  have  been  slightly  raised  and  brought  with  the  influence 
of  surface-weathering  agencies.  The  slight  elevation  produced  great  changes 
in  the  configuration  of  the  country  here  by  converting  the  low,  swampy  country 
into  an  elevated  plain,  but  the  subsequent  wearing-down  action  of  both  the 
river  and  the  sea  reduced  this  so  much  that  very  little  now  remains  to  show  it 
ever  existed.  Mackenzie  Island  is  a  very  small  remnant  of  this  sandy  plain, 
and  other  small  portions  of  it  are  to  be  found  about  the  "  Narrows." 
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Looking  backward  in  the  history  of  these  events,  we  see  one  period — 
probably  in  early  Tertiary  times — ^when  Eeppel  Bay  and  all  its  islands  was  an 
area  of  dry  land  connecting  up  Curtis  Island  with  the  mainland  at  Cawarral 
and  forming  a  peninsula.  Mackenzie  Island  was  then  part  of  a  sandy  plaiiLr 
and  extended  round  all  points  of  the  compass;  extended  easterly  towards  the 
peninsula,  northerly  towards  Balnagowan,  westerly  along  the  north  and  south, 
banks  of  the  Fitzroy  River,  and  southerly  to  Port  Alma  and  the  country  about 
the  "  Narrows." 

The  Fitzroy  Rivei,  flowing  easterly,  formed  a  channel  through  the 
plain  of  Mackenzie  Island  sandstones,  and  when  it  reached  the  slates  of  Curtis 
Peninsula  trended  south-easterly  along  the  course  of  the  Narrows  to  enter 
the  sea  at  Port  Curtis. 


VII.— ORIENTAL  RUBIES  IN  THE  TATE  RIVER, 

NEAR  CHILLAGOE. 


While  travelling  across  from  Cairns  to  Croydon,  inquiries  were  made  in 
passing  through  the  tin  districts  concerning  the  occurrence  of  rubies  with 
stream  tin.  A  nmnber  of  red  stones  in  the  possession  of  the  miners  were 
examined,  and  although  the  locality  they  came  from  was  not  visited,  some  of 
them  were  found  to  be  Oriental  rubies.  Zircons  are  plentiful  in  the  tin 
''  wash,"  and  gamet«  of  exactly  the  same  colour  as  the  rubies  have  been  found 
with  the  latter  stones  at  the  '*  Rocky  "  Tate  River.  Two  rubies  of  commercial 
value  were  obtained  from  one  of  the  mines — one  being  about  a  carat  in  weight, 
the  other  a  carat  and  a-half,  both  of  a  bright  clear  colour.  The  garnets 
matched  the  rubies  perfectly  in  colour  when  cut,  although  readily  distinguished 
hi  the  rough  state  by  an  absence  of  pleochroism  and  by  their  inferior  hardness. 

It  is  impossible  to  surmise  what  stones  of  value  are  thrown  away  by  the 

»  alluvial  tin-miner,  but  as  the  rubies  obtained  by  me  were  only  saved  with  other 

stones  which   the  miners  consider  curiosities,   such  as  zircons  and  garnets, 

probably  good  stones,  regarded  as  valueless,  are  washed  away  in  the  tailings. 

It  would  be  advisable  for  miners  to  always  save  brightrcoloured,  trans- 
parent stones,  and  obtain  some  estimate  of  their  value  from  the  Greological 
Survey  OflSce,  from  which  also  any  other  desired  information  on  the  subject 
can  be  given. 


VIII.-ON  THE  OCCURRENCE  OF  THE  GENUS  HALYSITES  IN 
THE  PALJIOZOIC  ROCKS  OF  QUEENSLAND,  A.ND  ITS 
GEOLOGICAL  SIGNIFICANCE, 

Bt  R.  ETHERIDGE  Junr.,  Curator  of  Australian  Mubbum,  Stdhkt. 


In  the  "  Annual  Progress  Report  of  the  Geological  Survey  [of  Queensland] 
for  the  year  1900,"*  Mr.  B.  Dunstan  announced  the  discovery  of  the  Silurian 
genus  of  corals  known  as  Hal y sites — more  popularly  called  the  "  Chain  Coral  " 
— in  the  limestones  south-west  of  Mungana,  in  the  Chillagoe  District.  This 
is  an  exceedingly  interesting  discovery  in  Queensland  Palaeontology,  and  one 
of  high  geological  importance. 

The  limestones  were  at  one  time  regarded  as  Permo-Carboniferous  in  age  ;t 
subsequently  Dr.  R.  L.  Jack|  referred  them  to  the  Devonian,  and,  lastly,  Mr. 
S.  B.  J.  Skertchly§  again  returned  to  a  Carboniferous  age,  placing  the  lime- 
stones towards  the  close  of  that  epoch. 

The  specimens  submitted  to  me  are  preserved  in  a  blue-black,  or  almost  . 
black  limestone,  and  from  their  siliceous  composition  the  corals  weather  out 
on  the  surfaces.  The  colonies  are  of  limited  extent,  and  of  an  erect  and  shrub- 
like  growth  apparently.  The  fenestrules  are  not  individually  of  large  extent, 
the  larger  measuring  4x4  mm.  to  4  x  6  mm.,  and  in  outline  vary  from 
rectangular  to  oblong,  and  without  such  a  marked  tendency  to  that  polygonal 
form  seen  in  several  of  the  New  South  Wales  species  of  the  genus;  neither 
does  one  diameter  greatly  exceed  the  other.  It  follows  that  the  angles  of 
junction  of  the  vertical  laminae,  or  corallite  chains,  are  not  so  variable,  and 
often  approximate  more  to  a  right  angle.  The  fenestrule  walls  are  strong,  but,, 
in  consequence  of  the  extensive  secondary  alteration  the  tissues  have  undergone, 
the  epitheca  is  veiy  indistinctly  and  feebly  preserved. 

The  actual  length  of  the  corallites  is  unknown,  but  so  far  as  can  be 
ascertained  from  the  mode  of  preservation,  they  did  not  attain  any  great  degree 
of  height.  The  corallites  are  all  "  normal,"  i.e.,  autopores  only  appear  to  be 
present ;  these  have  a  diameter,  in  the  direction  of  the  chain,  of  from  one  milli- 
metre to  one  and  a  quarter  millimetres.  The  corallite  chains  are  short,  only 
slightly  farcimentiform,  the  number  of  autopores  in  a  given  chain  being  only 
from  two  to  four,  but  the  average  three.  The  autopores  abut  closely  against 
one  another,  the  inter-autoporal  walls  being  thickened,  and  leaving  no  space 
for  interstitial  tubes  or  mesopores,  of  which  not  a  single  trace  hks  been  observed 
in  any  of  tlie  sections  prepared. 

The  structure  of  these  thickened  walls,  whether  i^iiter-autoporal  or  fenes- 
trule-bounding  are,  when  viewed  in  microscopic  sections,  perfectly  homogeneous. 

*  Dunstan— Geol.  Survey  Report,  No.  159, 1901,  p.  21. 

t  Jack  and  Etheridge— Geol.  Pal.  Queensland,  &c.,  1892,  pp.  609  and  739. 

X  Fide  Dunstan,  loe.  cit. 

§  Skertchly — Proc.  R.  Soc.  Queensland,  1899,  xiv.,  p.  xxiii. 


31 

The  corallites  termed  gonopores  by  me,  placed  at  the  angles  of  junction  of 
the  corallite  chains,  are  generally  developed,  but  not  inyariably  so;  when 
absent  the  autopores  at  the  angles  abut  closely  against  one  another;  when 
developed  they  are  either  round  or  obscurely  polygonal. 

The  tabular  are  complete,  more  or  less  horizontal,  and  never  vesicular; 
but,  owing  to  an  occasional  slight  obliquity,  cut  edges  are  now  and  then  seen 
in  transverse  sections  of  the  autopores.  The  first  point  that  strikes  one  on 
examining  a  longitudinal  section  is  the  extreme  regularity  and  delicacy  of  the 
tabulae,  presenting  precisely  the  appearance  o£  the  rungs  in  a  ladder.  Some 
are  one  millimetre  apart,  others  three-quarters  of  a  millimetre,  and  they  are 
either  opposite  in  contiguous  corallites  or  slightly  alternating.  The  visceral 
chambers  are  either  square  or  transversely  oblong. 

Tlie  absence  of  mesopores  is  also  more  forcibly  brought  home  to  the 
observer  on  examining  a  longitudinal  section,  for  wherever  the  latter  traverses 
the  vertical  plane  of  a  corallite  chain,  the  normal  tubes  are  all  seen  in  close 
contact  with  one  another. 

Septal  spines  are  present,  but  feebly  developed,  and  are  arranged  in  one 
or  two,  and  possibly  three   cycles  in  each  visceral  chamber. 

If  the  absence  of  mesopores  is  truly  a  structural  and  not  a  superinduced 
character,  one  brought  about  by  secondaiy  changes  in  the  coral's  tissues,  the 
Chillagoe  Halt/sites  is  quite  distinct  from  any  of  the  forms  discovered  of  late 
in  New  South  Wales.  True  it  is  that  mesopores  in  more  than  one  of  the  latter 
are  unstable  in  their  development,  but  in  none  of  them  are  these 
corallites  totally  wanting.  There  is  also  a  marked  absence  of  mesopores  in  a 
Halt/site^  I  described*  from  the  Gordon  River  Limestone,  in  Tasmania,  and 
with  tiiis  a  general  similarity  of  other  characters,  so  much  so,  indeed,  that  I 
shall  not  be  surprised  to  find  the  two  corals  are  identical. 

For  the  Chillagoe  Halysites  I  propose  a  specific  name  in  allusion  to  the 
locality,  with  the  following  abbreviated  characters: — 

HALYSITES  CHILLAGOENSIS,  sp.  nov. 

Sp.  Char. — Corallum  forming  shrub-like  colonies  of  small  size.  Fenestrules 
oblong  or  irregularly  quadrangular,  the  diameters  more  or  less  equal,  and  the 
angles  approximating  to  right  angles ;  sizes  4x4  mm.,  4x6  mm.,  (fee. ;  walls 
strong,  but  much  altered  by  secondary  silicification ;  margins  straight,  or  very 
slightly  undulate.  Corallite  chains  short,  only  in  a  slight  degree  farcimenti- 
form;  autopores  oval,  two  to  four  in  a  chain,  about  one  to  one  and  a-quarter 
millimetres  in  longest  diameter;  septa  feebly  developed  in  from  one  to  three 
cycles;  pseudo-columella  not  observed;  tabulae  very  regular,  complete,  hori- 
zontal, from  three-quarters  of  to  one  millimetre  apart,  opposite  or  subopposite 
in  contiguous  tubes;  visceral  chambers  square  to  transversely-oblong.  Meso- 
pores absent,  the  inter-autoporal  walls  solid,  and  trenchant  at  the  surface. 
Gonopores  generally  but  not  invariably  developed,  when  present  round,  or 
obscurely  polygonal;  tabulae  about  half  a  millimetre  apart;  visceral  chambers 
square. 

♦  Etheridge— Proc.  R.  Soc.  Tas.  f.ir  189899  (1900),  p.  81. 
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Halygites  chillagoensu  is  a  form  of  high  morphological  importance,  for 
it  proves  what  has  been  elsewhere  foreshadowed  (in  the  New  South  Wales 
species),  that  gemmation  may  go  on  direct  from  autopore  to  autopore,  without 
the  intervention  of  a  mesopore. 

The  presence  of  Halysites  in  the  Chillagoe  Limestones,  lends  colour  to  a 
belief  in  the  existence  of  Silurian  rocks  in  Northern  Queensland.  We  already 
know  of  the  presence  in  the  south-west  portion  of  the  State,  along  the  South 
Australian  border,  about  23°  S.  Lat,  of  rocks  supposed  to  represent 
some  part  of  the  Ordovician  Series,!  and  it  is  not,  therefore,  unreasonable  to 
anticipate  that  throughout  the  grc^t  expanse  of  ^*  slates,  schists,  grejwackes, 
quartzites,  <bc.,  of  undetermined  age,"  shown  on  the  Geological  Map  of  1892, 
over  Central  Queensland,  and  extending  even  into  Cape  York  Peninsula,  some 
areas  at  least  may  prove  to  be  of  Silurian  age. 

1  believe  I  am  correct  in  stating  that  HalysUes  is  unknown  in  rocks  of 
Devonian  age.  If  this  be  so,  we  are  face  to  face  with  one  of  two  conclusions — 
either  the  Chillagoe  Limestones  containing  this  coral  are  of  Silurian  age, 
or,  the  beds  in  question  must  be  regarded  as  Devonian,  accompanied  by  an 
extended  range  in  time  for  the  coral.    I  favour  the  former  conclusion. 

HalysUes  extends  throughout  the  Ordovician  Series  into  the  Upper 
Silurian,  as  high  as  the  Lower  Ludlow,  but  a  sufficiently  extended  examination 
of  the  Chillagoe  corals  has  not  yet  been  made  to  warrant  the  expression  of 
a  decisive  opinion  of  their  age  in  particular. 

+  Jack— Proc.  R.  Soc  QaeensUnd,  1895-96,  xi.,  p.  73;  and  Note  on  the  Discovery  of 
Organic  Remains  in  the  Cairns  Range,  Western  Queensland. — /&ic2.,  1897,  xii.,  p.  47. 


By  Authority :  Gxorgb  Abthur  YauaHAN,  Goyernment  Printer,  William  street,  Brisbane. 
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LETTER    OF   TRANSMITTAL. 


Queensland  Geological  Survey  Office, 

Brisbane,  13tli  March,  1904. 
Sib, — 1  hare  the  honour  to  forward  for  publication  Mr.  Ball's  *'  Notes  on  Tin, 
Copper,  and  Silver  Mining  in  the  Stanthorpe  District." 

A  short  visit  of  inspection  was  made  by  Mr.  Ball  at  the  end  of  1903,  and  the 
notes  he  has  compiled  bring  up  to  date  all  the  information  concerning  mining 
developments  in  that  part  of  the  State. 

The  notes  embrace— 

(1)  A  general  review  of  tin-mining  at  Stanthorpe,  including  a  description  of 

ground-sluicing,  dredging,  and  lode-tin  mining ; 

(2)  An  account  of  recent  developements  at  the  Sundown  Copper  and  Tin 

Mines,  at  the  Silver  Queen  Mine,  Severn  Eiver,  and  at  the  Pikedale 
Silver  Mines ;  and 

(3)  A  description  of  the  silver  and  copper  mines  in  the  neighbourhood  of 

Texas. 

I  have,  <&c., 

B.  DUNSTAN, 

Acting  Government  Geologist. 
To  the  Under  Secretary  for  Mines. 
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NOTES  ON  TIN.  COPPER,  AND  SILVER  MINING 
IN  THE  STANTHORPE  DISTRICT. 

(WITH  THIBTESH'  PLATES.) 


f.— Notes    on    Tin    Mining    In    the    Stanthorpe 

District. 

The  tin-mining  industry  in  the  Stanthorpe  district  has  always  depended 
on  the  alluvial,  none  of  the  lodes  hitherto  discovered  having  proved  either 
rich  enough  or  permanent  enough  for  exploitation.  Very  little  can  be  added 
to  what  Mr.  Skertchley  has  said  in  his  report*  on  the  district  with  regard  to 
the  ordinary  primitive  methods  of  saving  the  tin;  but  since  that  report  waa 
written  dredging  has  been  introduced,  and  should  prove  in  numerous  cases  a 
pronounced  success.  It  is  my  opinion,  and  that  of  experienced  tin-mining 
engineers  from  other  States,  that  there  is  a  bright  future  before  Stanthorpe, 
but  that  capital  and  modem  appliances  for  the  economical  treatment  of  large 
quantities  of  material  are  necessary  in  order  that  the  tin  ore  still  in  the 
*'  wash  "  may  be  saved. 

I.— PAN-WASHING  AND  CRADLING. 

Pan-washing  and  cradling  have  now  practically  gone  out  of  use  in  favour 
of  box  and  ground  sluicing.  Just  at  the  time  of  my  visit  (November-December) 
there  were  very  few  men  on  the  alluvial,  even  the  ordinary  average  having 
been  reduced  owing  to  the  swollen  state  of  the  creeks,  due  to  late  rains.  There 
are  believed  to  be  about  100  alluvial  men  in  the  district,  but  I  think  that 
g:reatly  in  excess  of  the  number.  Most  of  the  work  done  by  these  men  is 
working  over  the  old  alluvial,  sometimes  for  the  third  time;  but  some  of  the 
creek  beds  are  found  to  be  worth  attending  to  after  every  flood. 

II.— GROUND  SLUICING. 

(a)    SUGARLOAF   CrBBK. 

Most  of  the  tinstone  now  being  got  is  from  the  Sugarloaf  Creek  district, 
and  the  greater  part  of  that  is  brought  in  by  Chinese.  Part  of  the  old  Brisbane 
claim  has  been  subleased  to  one  of  them,  who  employs  ten  men,  and  has  done  a 
large  amount  of  work — turning  over  old  tailings  chiefly.  A  large  stream  of 
water  is  brought  in  a  race  from  a  point  on  Sugarloaf  Creek,  2^  miles  distant, 
and  by  its  aid  the  old  tailings,  to  a  depth  of  10  feet,  are  sluiced  down.  On 
the  bottom  is  a  bed  of  "cement,"  2  to  4  feet  thick,  which  the  Chinamen  do 
nor  attempt  to  penetrate,  though  it  is  believed  that  wash  exists  underneath  it. 
The  great  difficulty  in  ground  sluicing  is  the  liability  .to  failure  of  the  water 
supply,  drought*,  even  in  this  district,  causing  stoppages  for  several  months* 
in  the  vear. 

No  information  could  be  obtained  from  the  gentleman  in  charge,  because 
of  the  want  of  an  interpreter.     It  is  considered  that  five  sluicers  should  put 


*  6.S.Q.  PablicfttioD,  No.  120.  Geolofry  of  country  round  Stanthorpe  and  Warwick,  with 
eipecial  reference  to  the  Tin  and  Gold  Fields  and  the  Silver  Depositn.  By  Sydney  B.  J. 
Skertchley,  laie  Assistant  Government  G^eologist.    Brinbane :  By  Authority.    1898. 
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through  20  cubic  yards  a  day,  so  that  ground  carrying  4  lb.  of  tinstone  per 
yard  would  yield  a  profit  of  Os.  9d.  per  man,  with  tinstone  at  688.  per  cwt.,  the 
present  (December)  local  price.  The  ground  worked  by  the  Chinamen 
contains  probably  less  than  2  lb.  per  yard. 

(b)  Severn  River. 

Locality, — During  the  last  few  months  Prospecting  Areas  47  and  48  have 
been  pegged  out  on  the  Severn  River,  6  miles  west  of  Ballandean  Railway 
Citation,  and  14  miles  south-west  of  Stanthorpe.  P.  A.  48  includes  a  flat-topped 
ridge,  10  chains  wide,  running  parallel  to  and  on  the  left  side  of  the  river,  and 
rising  60  feet  above  it.  P.  A.  47  is  in  the  gully  to  the  west  of  the  ridge.  In 
■addition  to  the  above,  the  company  holds  a  20-acre  water  area,  which  takes  in 
a  waterhole  20  feet  deep,  1  chain  wide,  and  10  chains  long,  adjacent  to 
P.  A.  48. 

Geology. — The  occurrence  of  rich  residual  surface  tinstone  here  is 
mentioned  by  Mr.  Skertchley*,  and  is  sliown  on  his  map,  ho  that  this  is  not 
a  new  discovery,  but  simply  an  attempt  to  work  ground  not  hitherto  considered 
payable. 

The  country  rock  on  the  claims  consists  of  granite  and  greisen  (with  north- 
north-west  master-joints),  exposed  by  denudation  of  the  overlying  slates,  but 
.as  yet  very  little  eroded  themselves — that  is  to  say,  the  rock  exposed  is  the 
uppennost  portion  of  the  intrusive  mass.  A  large  part  of  the  granite  has  been 
greisenised,  owing,  as  Mr.  Skertchley  explains,  to  the  spreading  out  at  the 
base  of  the  slates  of  the  "  greisenising  liquids  ''  (or,  more  properly,  the  pneuuia- 
tolitic  solutions)  from  the  granite.  In  one  place  on  P.  A.  48  the  greisen  forms 
a  large  outcrop,  and  several  trenches  have  been  cut  on  it.  A  shaft  was  sunk 
30  feet  in  it,  coarse  tin  being  found  in  places,  with  a  little  wolfram  and 
molybdenite,  and  also  a  few  patches  of  mispickel.  A  number  of  trenches  have 
been  cut,  and  some  of  the  heaps  beside  them  yield  as  much  as  ^  oz.  of  coarse 
tinstone  (crystals  up  to  ^  inch  in  diameter)  to  the  dish.  Two  tons  of  tin  are 
reported  to  have  been  obtained  from  this  locality — ^apparently  from  rich  but 
scattered  bunches. 

Mr.  Baker,  who  is  in  charge  of  operations,  expects  that  30  acres  of  the 
ground  will  average  from  2  to  4  feet  of  soil,  yielding  4  lb.  of  tinstone  to  the 
yard.  The  whole  thing  depends  on  the  testing  of  the  ground,  which  requires 
A  large  number  of  holes. 

Plant. — Water  will  be  raised  from  the  waterhole  to  the  highest  point  on 
the  ground  by  a  16,000-gallon  Knowles  duplex  pump,  which  has  been  erected 
on  a  rocky  platform  10  feet  above  the  ordinary  level  of  the  water,  but  below 
flood  level,  and  is  to  be  served  with  steam  from  a  Pennsylvania  marine-type 
multitubular  1 2-horBepower  boiler,  situated  25  feet  above  the  water  and  clear 
of  floods.  The  water  will  be  forced  from  the  pump  through  6-inch  flanged 
galvanised  iron  Zollner  pipes,  which  are  made  in  18-feet  lengths,  weighing 
50  lb.  each,  and  specially  suitable  for  ti*ansport  to  such  inaccessible  places  a.s 
this.  They  have  been  tested  to  200  lb.  pressure,  so  that  it  will  be  possible,  if 
future  operations  show  it  to  be  advisable,  to  undertake  hydraluicing  with  the 
)>re8ent  plant. 

The  method  of  working  will  consist  in  having  five  or  six  main  races 
radiating  from  the  topmost  point;  into  them  the  soil  from  the  intervening 
ground  will  be  sluiced,  the  soil  being  washed  down  into  the  river  and  the 
tinstone  left  behind. 


♦  Op.  cit„  p.  48. 
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Great  trouble  was  experienced  in  getting  the  machinery  on  to  the  ground, 
i»wing  to  the  road  fron)  the  railway  reaching  only  to  Ballandean  head  station; 
beyond  this  a  track  had  to  be  cut  across  a  precipitous  range,  wihich  might  have 
been  escaped,  and  the  river  bed  followed,  but  for  the  floods  just  then  prevalent. 

III.— DREDGERS. 

There  are  two  dredges  in  the  Stanthorpe  district,  in  Queensland,  and  one 
in  the  continuation  of  the  same  coimtry  in  New  South  Wales.  Owing  to  the 
lare  drought  tliey  were  able  to  do  nothing  till  the  middle  of  last  year.  That  in 
New  South  Wales  is  now  on  a  dividend-paying  basis,  and  a  description  of  it  is 
jriven  below  for  comparison  with  the  Queensland  dredgers,  one  of  which  is 
now  in  a  fair  way  to  successfully  work  its  ground.  I  have  to  acknowledge  the 
real  assistance  rendered  me  in  each  case  by  the  manager. 


(a)  Nbw  Wtlib  Creek  Dredging  Company 

(Mr.  Bryce,  manager). 

The  New  Wylie  Creek  Dredging  Company  has  a  nominal  capital  of 
£31,000,  of  which  £29,000  has  been  allotted  in  10s.  shares.  Three  leases, 
amounting  to  nearly  200  acres,  are  held  from  the  Crown. 

Locality. — Wylie  Creek  is  a  tributary  of  Harding  Creek,  which  flows  into 
the  Clarence  River. 

The  present  dredger  is  3^  miles  below  Wilson's  Downfall,  on  the  Stanthorpe- 
Tenterfield  road,  5^  miles  from  the  Queensland  border,  and  15  miles  by  road 
from  Stanthorpe.  It  lies  on  a  large  27-acre  flat  (practically  all  worked  over  by 
the  earlier  miners),  near  the  lower  end  of  the  leases.  The  creek  for  miles 
below  this  has  been  worked  by  miners,  but  it  is  not  considered  dredgable.  On 
account  of  the  success  of  the  first  dredger  a  proposal  is  now  being  considered 
to  erect  another  about  half  a  mile  up  stream,  where  the  ground,  being  too  deep 
for  the  miners,  is  expected  to  be  richer  than  the  old  tailings. 

Ground. — ^According  to  the  borings,  which  were  made  in  rows  10  chains 
apart,  the  ground  should  carry  2  lb.  of  tinstone  per  yard,  but  the  dredger 
during  the  last  half-year  saved  only  f  lb.  per  yard,  and  as  the  manager  believes 
he  saves  75  per  cent,  of  the  tin  ore  put  through  the  dredger,  the  total  in  the 
wash  cannot  be  more  than  1  lb.  Just  at  present  slightly  better  results  are 
being  obtained,  but  it  is  probable  that  the  dredger  will  be  turned,  and  its 
tailings  put  through  as  a  test.  The  ground  which  thus  far  has  given  best 
results  is  what  was  too  poor  for  the  miners,  and  consequently  untouched  by 
them. 

The  average  depth  of  the  ground  is  14  or  15  feet  over  the  whole  of  the 
dredgable  portion,  and  the  average  width  is  7  to  8  chains.  The  bottom  is  a 
^h  decomposed  granite.  Little  trouble  is  experienced  with  boulders,  only 
one  bank  of  them  having  yet  been  encountered;  and,  just  at  present 
(November),  the  dredger  is  passing  through  fine  drift  sand. 

Dredger. — The  new  Wylie  Creek  dredger  was  finished  by  the  end  of  1901, 
hut,  owing  to  the  drought,  a  start  could  not  be  made  till  March,  1903,  and  then 
the  water  to  float  it  had  to  be  pumped  into  the  paddock  for  a  month  or  two. 
Till  June  only  one  shift  of  men  (working  eight  hours  a  day)  was  employed,  in 
August  a  second  was  put  on,  and  now  three  sliifts  are  working. 

The  dredger  is  of  the  ladder-bucket  form,  and  cost  between  £6,000  and 
•^7,000.  The  pontoon  is  40  feet  in  length  by  20  feet  across  (dimensions 
approximate),  and  owing  to  its  comparative  shortness,  the  heavy  sluice  boxes 
at  the  stem  cause  that  end  to  sink  a  couple  of  feet  deeper  than  the  bows,  even 
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though  numerous  large  half-ton  boulders  dredged  up  are  used  as  ballast.  The 
machinery  (including  the  buckets,  winches,  and  pumps)  was  supplied  by  the 
Clyde  Engineering  Works,  and  is  all  driven  by  a  12-horsepower  compound 
engine. 

There  are  27  buckets,  of  4  cubic  feet  capacity,  provided  with  tire-steel 
lips,  and  spaced  4-feet  centres,  and  the  ladder  allows  dredging  to  a  depth  of  20 
feet.  The  material  raised  by  the  buckets  should  bo  thrown  on  to  a  manganese 
steel  '^  dropshoot,''  but  while  in  shallow  ground  the  buckets  do  not  pass  within 
6  inches  of  the  shoot,  and  then  much  of  the  wash  (often  half  a  bucket)  misses 
the  shoot  and  falls  down  the  well  into  the  paddock  again.  This  represents  a 
serious  waste,  so  that  an  easily  adjustable  shoot  is  a  pressing  want.  Mr.  Bryce 
has  computed  that  the  buckets  are  capable  of  raising  8,000  or  9,000  tons  of 
material  a  week,  though,  since  August,  they  have  been  raising  only  5,000  to 
6,000  tons,  owing  to  defect*  in  the  sluice  boxes. 

A  stream  of  water,  raised  by  a  10-inch  centrifugal  pump,  sweeps  the  wash 
down  the  shoot  into  a  revolving  trommel  or  screen,  4  feet  in  diameter  and  8 
feet  6  inches  long,  punched  with  f  and  ^inch  holes.  All  the  tin  ore  here  being 
very  fine,  yV"'^c1i  hole*»  would,  in  Mr.  Bryce's  opinion,  be  quite  lar^e  enous'h. 
If  the  material  were  put  through  two  screens,  preferably  concentric,  there  would 
be  far  less  material  to  go  over  the  tables,  and  a  greater  amount  of  wash  could 
be  put  through  in  a  given  time,  with  a  correspondingly  greater  chance  of 
saving  the  tin. 

From  the  trommel  the  coarse  material  discharges  onto  a  shoot  and  is 
washed  out  astern,  while  the  finer  wash,  carrying  the  tinstone,  passes  through 
the  screen  onto  side  shoots  (one  of  which,  it  is  interesting  to  note,  owing 
to  the  motion  of  the  trommel,  receives  nearly  double  the  quantity  of  the 
.other),  and  thence  is  swept  on  to  two  sluice  boxes  or  tables  running  out 
beyond  the  stem.  Tliese  boxes  are  4  feet  wide  and  40  feet  long,  and  are  built 
of  iron.  The  sand  is  kept  6  inches  deep  in  them,  and  under  3  inches  of  water. 
Most  of  the  tinstone  is  saved  within  5  feet  of  the  top  of  the  tables  beyond  the 
trommel  shoot*.  One  man  with  a  shovel  is  stationed  there,  and  keeps  the  sand 
stiirred  up,  while,  at  present,  for  experimental  purposes,  another  man  shovels 
back  the  sand  in  the  lower  part  of  the  sluices.  Owing  to  the  tables  not  being 
able  to  discharge  the  "  wasli "  from  the  trommels  quickly  enough  the  buckets 
have  to  be  stopped  every  now  and  then;  but  for  this  there  are  two  available 
remedies — namely,  to  widen  the  sluice  boxes  (Mr.  Bryce  would  have  them 
double,  their  present  width),  or  else  to  use  a  double  screen,  as  proposed  above, 
so  that  less  of  the  material  raised  would  have  to  pass  over  the  tables. 

The  concentrates  from  the  tables  averagre  7  cwt.  to  the  yard,  and  are 
sluiced  off  in  a  long  torn  (10  feet  lon^r  and  18  inches  wide),  by  two  men  on  the 
dredger,  and  then  taken  ashore  to  the  Willoughby  machine  shed  for  final 
cleanins:. 

Normally  five  men  are  employed  on  the  dredger  on  each  shift,  an  engineer 
(who  is  also  winchman  and  engine-driver),  and  two  men  on  each  sluice  box. 
Wlieii  the  photographs  were  taken  tliere  were  two  more  men  on  the  dredger 
attending  to  the  long  tom.  In  addition  to  the  above  two  men  are  employed 
in  the  day  shift  loading  wood,  which  it  may  be  mentioned  cost*  88.  a  cord 
liere. 

Cleaning. — The  black  and  white  sand  (including  a  few  small  topazes),  is 
separated  from  the  ore  in  a  Willoughby  machine,  which  acts  on  the  principle 
of  an  upward  current  separator,  and  is  the  invention  of  a  Stanthorpe  man. 
It  consists  {nee  Plate  3)  of  an  outer  tank,  with  hand  pmnps  and  pressure  box 
(if  a  stream  of  running  water  is  not  available),  and  a  separating  box,  with  false 
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lottoDi  (a  copper  plate  with  -^-inch  perforations).  The  crude  ore,  about  4  cwt.y 
is  placed  in  this  box  to  a  depth  of  6  inches,  and  a  stream  of  water  under 
A  head  of  from  1  to  3  feet  is  allowed  to  rise  through  it»  causing  the  lighter 
impurities  to  ascend  to  the  top,  where  they  are  scraped  off.  The  operation  is 
repeated  about  five  times,  and  then  the  cleaned  tin  ore  (cassiterite)  is  dried  on 
an  iron  plate  (10  feet  by  5  feet  in  area),  heated  over  a  grate.  The  tinstone,  as 
Uigged  for  shipment,  averages  76  per  cent,  of  tin  (varying  from  75.3  to  76.4 
per  cent.). 

Returns. — On  the  dredger's  trial  run  30  cwt.  of  tin  ore  was  obtained  after 
•J55  hours  from  10,000  tons  of  wash,  which,  however,  according  to  the  boring 
results,  should  have  yielded  10  tons.  About  40  tons  of  ore  have  thus  far 
(Xoveniber)  been  obtained,  together  with  4  tons  of  black  sand.  For  the  week 
tnding  21st  November,  50  cwt.  of  tinstone  was  obtained  from  5,500  tons  of 
wa^  on  a  114  hours'  run.  Of  this  amount  between  15  and  20  cwt.  probably 
y&id  expenses,  leaving  a  very  fair  profit. 

The  first  dividend  of  3d.  was  declared  in  October,  and  was  followed  by  a 
i!econd  in  November,  and  a  third  in  December. 

The  table  below  has  been  compiled  front  weekly  returns  published  in 
The  Border  Post: — 


Month. 


DeonDbCT,  1908 

November 

October  (two  weeks) 

September 


Yield  of  the  Ore. 

Hours  Working.  ' 

1 

1 

Dividends. 

1 

Tont    cwt. 

s.    d. 

I            8    16-5 

397 

0    3 

9      5 

136 

0    3 

3      1) 

306^ 

■  •  * 

«    10 

371 

0    3 

The  best  result  was  thus  about  ^  cwt.  of  tin  ore  per  hour.     The  Sydney 
«|uotation  for  tin  at  the  end  of  1903  was  2 Is.  fid.  per  unit. 

Coneltmon. — The  Wylie  Creek  dredger  can  now  be  considered  a  success,  the 
long  interval  of  inaction  between  erection  and  actual  working  being  entirely 
due  to  the  drought.  Mr.  Bryce  attributes  his  success  to  the  use  of  the  revolving 
Mreen  in  the  first  place,  and  to  the  employment  of  a  sufficient  number  of  men 
ill  the  second.  The  location  of  the  dredger  is  on  a  large  flat,  and  the  fairly 
uiiifonu  and  fine  nature  of  the  material  treated  are  prime  factors,  though  the 
^paration  by  the  screen  of  the  coarser  stu£f  has  undoubtedly  had  a  very 
,  Ijeneficial  effect  on  the  saving  of  the  tin  and  on  the  total  amount  of  material 
m  through. 

It  is  understood  that  lately  the  water  has  become  scarce,  and  it  will 
jToUbly  be  necessary  to  construct  a  dam  al>ove  the  dredgers  for  a  reservoir. 

(b)    StANTHORPB    PllOPRIKTART    TiN    DrBD(i1NG    ComPANT 

(Mr.  Martyn,  manager). 

Locality. — This  is  a  Sydney  company,  of  25,000  shares,  of  which  tlie  10,000 
are  paid  up  to  £1.  Leases  up  to  a  quarter  of  a  mile  in  width  have  been 
^ecured  from  private  owners  for  a  distance  of  2^  or  3  miles  along  Quart-pot 
Creek.  These  are  on  the  bend  round  the  old  Brisbane  claim,  which  has  been 
oQsidered  one  of  the  largest  and  richest  alluvial  areas  in  the  district.  The 
'iredger  lies  at  the  south-western  and  lower  end  of  the  leases — .*U  miles  in  a 
direct  line  a  little  south  of  east  of  Stanthorpe,  the  distance  by  road  being 
0  miles. 
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Ground. — Owing  to  inBufiicient  prospecting  by  borings,  the  dredger  was- 
erected  in  one  of  the  worst  possible  positions,  being  cut  off  from  the  creek  hj 
a  bar  of  granite,  and  from  the  higher  wash  by  a  bar  of  "  cement "  a  chain  wide, 
running  diagonally  up  the  creek  for  a  quarter  of  a  mile.  The  dredger  has  done 
little  more  during  the  last  six  months  than  cut  its  way  to  a  depth  of  11  feet 
through  this  bar. 

This  "  cement "  occurs  in  flat  layers  from  a  few  inches  to  fleveral 
feet  thick,  and  from  a  few  square  yards  to  several  acres  in  area,  at  various 
depths  beneath  the  surface.  Though  generally  poor  itself  in  tin  ore,  there  ifr 
often  tinstone  both  above  and  below  it.  It  is  composed  of  granite  detritus, 
chiefly  grains  of  quartz,  in  a  felspathic  matrix,  and  in  my  opinion  it  owes  its 
origin  to  the  action  of  carbonic  acid  solutions  on  the  felspars.  These  solutions 
may  have  been  derived  from  decaying  vegetation  above,  and  have  sunk  into  the 
rotten  granite,  causing  a  complete  decomposition  of  the  felspar,  the  potash 
going  off  in  solution,  while  silicate  of  alumina  was  precipitated  as  a  cement. 
The  occurrence  of  occasional  rounded  pebbles  in  it  might  be  explained  by  their 
having  sunk  into  the  mass  before  the  secondary  alteration  and  solidification 
took  place.  This  rock  has  been  found  in  most  of  the  workings  about 
Stanthorpe,  and  will  prove  one  of  the  most  serious  obstacles  to  bucket  dredging 
there. 

It  is  believed  that  the  wash  has  been  mined  under  the  "  cement,"  and  it  is 
therefore  not  intended  to  drop  the  buckets  to  the  bottom  till  the  old  groxmd 
beyond  the  "  bar  "  is  reached.  At  the  end  of  November  softer  cement  was 
entered,  and  the  amount  of  tinstone  saved  immediately  began  to  increase. 

While  going  through  the  harder  cement  blasting  had  to  be  done  practically 
all  along  the  face.  The  holes  were  placed  6  feet  centres  in  rows  4  feet  apart, 
and  2J  lb.  rack-a-rock  was  fired  in  each,  5  feet  below  the  water-line.  The 
ainoimt  of  the  hard  cement  raised  was  only  2  cubic  yards  an  hour,  but  in  the 
softer  iO  yards  is  now  being  raised,  and  it  is  expected  that  the  dredger  will 
manage  60  yards  in  the  old  ground,  which  extends  (with  soft  bottom)  for  a 
chain  to  the  east  of  the  bar  at  the  southern  end,  but  widens  towards  the  north. 

The  ground  is  understood  to  have  been  sampled,  but  for  the  directors' 
{private  information  only,  so  that  statistics  of  the  contents  are  not  available. 
It  is  said  that  in  the  original  washdirt  the  tinstone  was  mixed  with  10  per 
cent,  of  black  sand.  Now,  in  the  old  workings  there  are  generally  about  equal 
proportions  of  the  two  minerals,  though,  owing  to  the  Chinamen's  sluicing,  the 
proportion  of  black  sand  to  tinstone  is  often  as  5  to  1. 

The  Dredger. — The  dredger  was  completed  in  June,  1902,  but  remained 
idle  for  twelve  months,  owing  to  the  drought.    It  cost  approximately  £11,000. 

The  boiler  is  a  25-horsepower  multitubular  semi-loco,  with  enlarged  grate ; 
firewood  now  costs  lis.  per  cord,  but  in  the  late  wet  weather  it  rose  to  16s. 
All  the  machinery  is  driven  by  a  20  nominal  horsepower  (140  indicated  horse- 
power) condensing  engine,  with  feed-water  heater.  There  are  34  chrome-steel- 
lipped  buckets  of  4^  cubic  feet  capacity,  the  ladder  allowing  dredging  to  25 
feet  depth.  (See  Plate  5.)  Attached  to  one  of  the  buckets  is  a  pair  of 
grabhooks  for  raising  logs  and  boulders. 

The  material  from  the  buckets  is  tipped  on  to  a  steel  shoot,  but,  owing 
to  the  unavoidable  clearance  space  between  the  buckets  and  the  shoot,  clayey 
and  sticky  material  very  often  misses  the  shoot,  and  falling  down  ihe  well 
fouls  the  bottom  of  the  paddock.  A  second  shoot  was  therefore  installed  below 
the  main  one,  and  a  trial  was  made  to  see  if  it  would  pay  to  treat  it  in  a  long 
tom,  but  owing  to  the  poverty  of  the  ground  ("cement")  at  the  time,  the 
experiment  was  a  failure  from  a  financial  point  of  view.     The  material  is- 
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now,  therefore,  simply  run  out  behind  the  dredger.  From  the  upper  shoot^ 
There  it  is  proposed  to  have  a  jet  of  water,  the  material  is  washed  by  a 
12mch  stream  of  water  from  a  9,000-gallon  pump  over  a  grizzley  with  bara 
I  inch  apart.  This  serves  instead  of  a  revolving  trommel,  the  finer  stanniferous 
wash  falling  through  on  to  a  central  distributing  table,  25  feet  by  8  feet  in 
area,  while  the  coarser  material,  including  many  unbroken  lumps  of  clayey 
va^,  is  swept  down  a  launder  and  banked  up  astern  of  the  dredger,  preventing* 
the  fines  from  the  sluice  boxes,  deposited  beyond,  settling  under  the  dredger. 
{See  Plate  6.) 

From  the  distributing  box  the  tin-bearing  sands  are  washed  on  to  fiv& 
lateral  tables  (12  feet  long,  5  feet  wide,  and  falling  ^  inch  in  a  foot)  on  each 
side.  The  sand  is  kept  stirred  in  each  of  the  tables  by  seven  rakes,  made  of 
\-iRch  iron  rods  set  1^  inches  apart  in  a  wooden  bar  attached  to  endless  chain» 
worked  on  toothed  wheels.  (See  Plate  7.)  Each  lateral  table  is  divided 
longitudinally  into  four  compartments  to  prevent  "  guttering."  The  tendency 
is  for  most  of  the  sand  to  enter  the  first  tables  and  the  water  the  last,  and, 
therefore,  launders  with  a  valve  for  each  compartment  have  been  provided,  sa 
that  water  can  be  added  when  necessary.  Most  of  the  tinstone  saved  is  within 
.5  or  6  feet  of  the  top  of  the  tables. 

Only  one  shift  has  thus  far  been  employed,  consisting  ordinarily  of  three 
men  (engiueman,  fireman,  and  grizzley  man),  and  two  lads  (one  loading 
Timber — enough  for  three  shifts  in  one  day — and  the  other  on  the  long  torn 
in  connection  with  the  lower  drop  shoot). 

Tlie  total  expenses,  working  three  shifts  and  allowing  for  wear  and  tear  of 
machinery,  for  firewood,  and  salaries,  Mr.  Martyn  has  calculated  will  be  £170 
pier  month.  About  ^  ton  of  tin  ore  is  now  being  saved  a  week  (for  30  hours' 
work),  so  that,  though  not  in  the  main  ground,  the  dredge  should  be  just  paying 
expenses.  On  3rd  December  2  cwt.  of  cleaned  tinstone  was  saved  as  the  result 
of  five  hours'  work. 

Another  of  the  difficulties  here  will  be  in  connection  with  the  water  supply, 
but  it  is  hoped  that  by  pimiping  water  from  a  hole  in  Quart-pot  Creek  into 
the  Chinaman's  race  it  will  be  possible  for  both  ground  sluicing  and  dredging^ 
to  go  on  throughout  the  year.  In  fact,  already  a  small  quantity  of  water,  for 
lenewing  that  in  the  paddock,  is  being  derived  from  the  race. 

Much  of  the  ground  to  be  dredged  will  be  a  fiat  terrace,  slightly  above  the 
creek,  so  that  the  conditions  are  not  so  favourable  as  at  Wylie  Creek,  for  it 
will  often  be  necessary  to  build  a  puddle  wall  at  the  lower  end  of  the  paddock. 
The  immense  boulders  of  undecomposed  granite  scattered  through  the  wash, 
and  the  beds  of  hard  "  cement "  so  characteristic  of  the  Stanthorpe  district, 
will  cause  further  trouble. 

(c)  BROADWATKIi  PROPRIETARY  TiN  DrEDOINO  CoMPANT. 

Locality. — This  company  has  leases  for  about  2  miles  along  Broadwater 
Creek,  6  miles  north  of  Stanthorpe  (8^  miles  by  road).  The  prospecting  bores, 
sixty  in  number,  put  down  by  the  former  holders,  gave  an  average  of  5  lb.  of 
tinstone  per  cubic  yard,  to  a  depth  of  9  feet  over  a  width  of  9  chains,  for  a 
distance  of  110  chains;  and  an  average  of  3  lb.  per  yard,  with  6  feet  depth 
and  7  chains  width,  for  a  distance  of  40  chains.  They  found  the  granite  bottom 
i-oft.  and  reported  finding  not  a  single  large  boulder.* 

Dredger. — ^The  dredger  was  completed  in  1901,  and  was  worked  at  a  loss 
lor  several  weeks.  During  the  floods  in  the  latter  part  of  1903,  the  pontoon 
t)ecame  partly  submerged,  and  remained  so  till  February  of  this  year. 

*  ADnoal  Report  of  Williani  H.  Rands,  Government  Geologist,  for  the  year  1900. 


16 

The  pontoon  is  90  feet  long  by  30  feet  broad,  and  7  feet  deep.  One  of 
Marshall's  semi-loco,  tubular  **  Dredger  "  boilers  supplies  8t«am  for  the  winch. 
engine  (8-inch  diameter  and  6-inch  stroke),  for  the  main  engines  (double 
expansion  12-inch  stroke,  and  12  and  6  inch  diameter)  which  are  provided  with. 
feed  water-heater  and  condenser,  for  the  small  Crompton  engine  working  the 
electric  light  dynamo,  and  for  the  various  pumps.  Firewood  is  expected  to 
cost  not  more  than  Ss.  a  cord. 

The  buckets,  thirty  in  number,  have  a  capacity  of  4^  cubic  feet>  and  are 
capable  of  raising  2  cubic  yards  of  wash  a  minute. 

The  wash  from  the  buckets  was  tipped  on  to  a  steel  plate  6  feet  long  aud 
4  feet  wide,  and  thence  washed  down  by  water  from  a  four-valved  tank  onto  a 
wooden  sluice  box,  extending  out  to  the  stern.  This  is  7  feet  wide  at  the  top 
end,  and  6  feet  at  the  bottom,  and  has  a  length  of  25  feet,  with  a  fall  of  about 
.6  inches.  A  4:-inch  slit  near  the  bottom  of  the  sluice  allowed  the  heavy  fines 
to  drop  through  into  a  three-compartmented  sluice  (10  feet  long,  and  falling 
3  feet),  running  back  towards  the  bows,  and  discharging  into  a  pointed  box, 
where  upward  current  separation  of  the  tinstone  and  sand  was  attempted.  The 
coarser  material  in  the  sluice  box  was  carried  15  feet  beyond  the  stem  in  a 
launder  7  feet  wide. 

Ground, — The  face  worked  was  about  2  chains  wide,  and  the  dredger 
probably  worked  forward  about  3  chains,  but  no  tin  seems  to  have  been  saved. 
The  greater  part  of  the  wash  turned  over  was  fine  sand  with  pebbles  of 
crystallised  (chiefly  smoky)  quartz,  and  it  is  considered  that  the  old  tailings 
average  at  least  IJ  lb.  of  tinstone  per  cubic  yard.  A  little  gold  is  sometimes 
found  with  the  tin,  and  a  prospector  living  in  the  vicinity  showed  me  three 
small  diamonds,  a  very  lightrcoloured  beryl  (a  crystal  \  inch  long),  and  several 
topazes.  The  largest  of  the  diamonds,  a  white,  slightly  pitted  and  encrusted 
liexakis-octahedron,  was  \  carat  in  weight ;  the  second,  \  carat  in  weight, 
slightly  off  colour,  had  a  roughly  cubical  form,  but  was  covered  with  very 
numerous  facets ,  and  the  third  was  a  yellow  fragment,  i  of  a  carat  in  weight. 
The  wash  is  reported  to  have  been  from  10  to  14  feet  deep,  but  the  tin  is 
known  to  have  run  in  very  narrow  slioots,  as  the  old  workings  show. 

The  average  depth  of  dredgable  ground  over  the  whole  property  is  taken 
as  9  feet.  There  is  a  clear  width  of  7  or  8  chains  between  the  rocks,  where 
the  dredger  is  now,  but  some  5  chains  below  the  dredger  the  rocks  on  opposite 
sides  are  only  3  or  4  chains  apart,  and  a  few  chains  above  the  dredger  is 
a  granite  bar,  above  which  the  dredgable  portion  averages  5  chains  in  widtli, 
and  extends  for  about  30  chains.  For  40  chains  below  the  flat  where  the 
dredger  is  now,  the  ground  is  undredgable,  or  else  very  poor,  except  for  small 
patches  a  few  chains  broad  and  long,  but  further  on  is  a  15-acre  triangular 
area,  6  to  9  feet  deep,  which  has  been  well  turned  over  by  the  miner. 

Working,' — In  order  to  work  the  ground  on  these  leases  dams  will  have  to 
be  constructed  for  a  water  supply,  and  the  dredger  will  have  to  be  floated  over 
the  rocky  portions  by  building  weirs.  Luckily,  the  rocky  part  below  the 
dredger  lias  a  very  slight  fall  (25  feet  in  a  mile),  and  only  two  weirs  will  be 
necessarj^  there.  It  is  difficult  to  understand  why  the  dredger  was  erected  in 
its  present  position — namely,  in  the  centre  of  the  lease —  for  it  will  be  necessary 
now  to  work  towards  one  end,  and  then  to  get  at  the  ground  at  the  opposite 
end  the  dredger  will  have  either  to  be  dismantled  and  re-erected,  or  else  it  will 
have  to  dredge  its  way  back  through  its  own  tailings. 

Mr.  Martyn  (the  superintendent  of  the  Stanthorpe  Proprietary  dredger) 
has  lately  taken  charge  of  this  dredger.     He  has  pumped  out  the  pontoon. 
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nfloated  it,  and  proposes  to  dismantle  the  whole  of  the  tin-saving  appliances, 
replacing  them  by  an  entirely  different  design.  The  cause  of  the  failure  of 
this  dredger  is  put  down  entirely  to  the  inefficiency  of  the  tin-saving  appliances. 


(d)  Shbehan'b. 

Mr.  Rands,  in  his  annual  report  for  1 900,  besides  referring  to  the  building 
of  the  Broadwater  and  Brisbane  dredgers,  mentions  Sheehan's  property  on 
Broadwater,  4  miles  slightly  north  of  west  of  Stanthorpe.  "  Large  amount  of 
water.  .  .  a  series  of  waterholes.  .  .  and  only  the  shallow  groimd 
worked.  .  .  Dredgable  for  8  or  10  chains  width  and  14  to  16  feet 
depth.     .     .     Conditions  satisfactor}',  but  no  boreholes." 

I  heard  when  leaving  Stanthorpe  that  a  suction  dredge  had  been  brought 
from  New  South  Wales  and  tried  on  Sheehan's,  but  that  it  had  been  a  failure, 
had  been  dismantled,  and  was  being  removed  to  New  South  Wales  again. 

Mr.  Sheehaii  has  since  forwarded  me  the  following  particulars  :-^70-hor6e- 
power  multitubular  loco-type  steam  boiler;  No.  4  Knowles's  duplex  steam 
feed-pump;  pair  Morris  Machine  Company's  vertical  engines,  direct  coupled  to 
a  No.  8  sand  pump,  8-inch  delivery  and  suction,  driven  at  about  300 
revolutions  per  minute;  capacity  30  yards  of  solids  per  hour.  About  1,100 
yards  were  taken  out  of  the  paddock,  under  great  difficulties,  owing  to  lack  of 
water.  Yield  IJ  tons  of  tin  ore — a  little  over  3  lb.  to  the  yard.  It  was 
dismantled  because  capital  not  sufficient  to  coiiHtruct  a  dam  for  conserving 
water,  to  pm*chase  a  break-down  pump,  and  to  obtain  a  proper  set  of  boxes. 
Both  washdirt  and  overburden  are  chiefly  coarse  sand  and  gravel. 

(e)  Prospecting  on  Four-mile  Creek. 

Locality. — Four-mile  Creek  rises  on  the  border  of  Queensland  and  New 
South  Wales,  about  6  miles  north-north-east  of  Stanthorpe,  and  flows  in  a 
general  southerly  direction  to  within  1^  miles  of  that  town,  when  it  bends  to  the 
south-east,  and  after  several  windings  enters  Quart-pot  Creek.  In  its  lower  part 
it  is  known  as  Kettle  Swamp  and  Law's  Gully.  Its  fall  is  nowhere  rapid,  and 
its  catchment  area  as  a  whole,  especially  near  the  creek  itself,  is  flat.  Machine 
Gully  enters  it  from  the  east,  about  3  miles  north-east  of  Stanthorpe. 

Tenure. — After  most  of  the  ground  had  been  turned  over  by  small  claim 
holders,  all  likely  ground  was  either  selected  or  bought  at  auction,  and  is  now 
freehold  property.  Tlius,  before  operations  can  be  started,  arrangements  have 
to  be  made  with  the  owners,  and  it  is  generally  conceded  that  the  difficulty  in 
coming  to  terms  is  one  of  the  greatest  drawbacks  to  alluvial  mining  in  this 
district. 

Messrs.  Gibbs,  Bright  and  Company  some  months  since  secured  an  option 
over  the  ground  on  Four-mile  Creek  from  block  238  to  367  inclusive,  a  total 
length  of  2  miles,  of  which  probably  only  1  mile  will  be  dredgable.  On  the 
expiry  of  their  option,  being  unable  to  obtain  an  extension,  and  their 
engineer  (Mr.  Hawley),  having  advised  that  the  ground  seemed  worth 
prospecting,  they  decided  to  take  a  lease  for  fifteen  years.  This  company  is 
engaging  on  alluvial  tin  mining  on  a  commercial  base  rather  than  a  specxilative 
one,  finding  that  it  is  better  to  spend  several  hundred  pounds  on  prospecting 
operations,  and  perchance  prove  the  ground  valueless,  than  to  spend  thousands 
installing  costly  machinery  and  then  to  make  the  same  discovery  or  to  find  the 
material  too  poor  to  pay  to  work. 
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Prospecting. — Mr.  Hawley,  who  is  engineer  in  charge  of  operations,  has 
been  for  several  weeks  surveying  the  ground  to  be  prospected,  and  marking  out 
the  sites  of  the  proposed  bores.  He  himself  took  me  over  the  leases,  and  has 
been  good  enough  to  give  me  the  following  particulars  as  to  the  work. 

The  method  of  prospecting  employed  here  is  that  of  100  feet  square- 
intersections — lines  of  bores  100  feet  apart  being  run  along  the  creek  and  at 
right-angles  to  it.  The  ground  between  each  four  bores  is  assumed  to  contain 
the  mean  of  the  four  results  obtained.  The  average  number  of  bores  on  each 
side  of  the  creek  is  five  (from  three  to  seven),  and  there  will  be  fifty-^ix  rows 
along  the  creek,  making,  together  with  special  bores  (two  rows  on  each  side  of 
Machine  Gully),  a  total  of  about  600.  It  is  believed  that  the  average  width 
will  be  8  chains.  The  average  depth  of  the  ground  to  be  dredged  will  be 
7  to  8  feet. 

Till  lately  only  one  boring  plant  was  in  operation,  but  a  second  waa 
installed  early  in  December,  and  in  a  short  time  a  third  was  to  be  working,  the- 
three  employing  twelve  to  fifteen  men  for  the  following  two  months.  By  the 
end  of  January  or  the  middle  of  February  it  was  expected  that  sufficient  infor- 
mation would  have  been  collected  for  it  to  be  decided  whether  the  venture  was 
worth  going  on  with. 

Eacli  boring  plant  consists  of  a  light  derrick — three  light  timber 
legs  with  windlass  attached-— erected  over  the  site  of  the  bore  for  raising 
the  boring  apparatus,  the  lift  amomiting  to  about  20  feet.  The  only  tools 
employed  are  a  5-hich  auger  (for  surface  work  only),  a  3|-inch  auger,  a 
chisel,  and  an  184nch  pump  for  use  inside  the  casing.  These  tools  are  attached 
to  1-inch  square  iron  rods  (made  in  4-feet  lengths),  suspended  from  the  derrick 
by  a  J-inch  wire  rope  connected  to  the  windlass.  The  borehole  is  lined  with 
^-iuch  iron  casing,  4  inches  in  internal  diameter,  made  in  4-feet  lengths,  with 
flush  joints. 

Four  men  are  employed  at  each  bore,  one  wiuchman,  two  sinkers — 1.«., 
men  to  remove  and  replace  the  tools  and  to  give  the  augers  the  necessary 
turning  movement  while  sinking — and  one  washer  (who  "  pans  off  "  the  wash- 
dirt). 

All  the  material  raised  is  carefully  transferred  to  a  cubical  box  with  12-inch 
sides,  the  water  is  decanted,  and  the  material  is  stamped  down  firmly  and  the 
height  in  the  box  measured.  The  contents  are  then  calculated  with  the  aid  of 
a  table,  and  checked  by  the  calculated  contents  of  the  bore,  the  measured 
exceeding  the  calculated  by  an  average  of  5  per  cent.,  owing  to  the  washing  in 
of  the  material  romid  the  bore  hole.  The  whole  is  then  carefully  panned  off, 
and  the  concentrates  cleaned  to  an  average  of  74  per  cent,  tin,  weighed  to  the 
nearest  grain,  and  then  from  a  table  the  amount  of  tin  ore  per  cubic  yard  is 
foimd  to  within  an  estimated  2  per  cent,  of  the  actual  contents. 

The  average  rate  per  day  is  three  to  four  bores  (9  feet  6  inches  deep)  per 
plant.  Exceptional  depths  of  22  and  23  feet  are  reached,  but  greater  depths 
than  15  feet  are  seldom  found.  During  the  last  fortnight  (end  November  and 
beginning  December)  eighty-three  bores  had  been  put  down  with  two  plants 
(during  part  of  the  time),  and  sixty  a  week  were  expected  with  three  plants 
in  operation. 

By  the  time  prospecting  operations  have  been  finished  here,  £1,500  or 
£1,600  will  have  been  expended,  of  which  £750  or  £1,000  will  have  been  on 
boring  alone — the  average  cost  per  foot  here  being  Is.  6d. 

The  Ground. — It  is  proposed  to  dredge  only  about  1^  mile  of  the  lease — 
i.e.y  from  the  centre  of  selection  253  to  259.    The  lowest  part  of  the  lease  has 
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been  well  turned  over,  but  is  separated  hj  many  chains  of  rocky  ground  from 
the  main  portion,  and  will  therefore  not  be  dredged.  The  richest  part  of  the 
lease  is  about  the  mouth  of  Machine  Gully,  and  from  there  it  is  intended  to 
work  Four-mile  Creek  down  for  halt  a  mile  and  up  for  one  mile,  and  Machijie 
Gully  up  for  half  a  mile.  The  ground  has  thus  far  proved  very  patchy,- 
several  parts  being  rich  enough  to  pay  for  ground  sluicing,  while  others 
are  too  poor  for  dredging.  The  few  prospects  I  saw  from  the  bores  consisted  in 
great  part  of  *'  rosin  "  and  ruby  tinstone,  free  from  black  sand.  The  tailings 
distributed  over  most  of  the  flat  are  said  to  contain  from  ^  to  1^  oz.  of  tinstone 
to  the  dish.  The  overburden  has  been  proved  to  be  practically  barren  of 
tinstone,  and  some  method  will  be  devised  for  getting  rid  of  it  without  passing 
it  through  the  tin-saving  apparatus.  The  bedrock  in  the  deeper  dredgable 
parts  is  soft  decomposed  granite,  which  generally  hardens  as  the  rock  approaches 
the  surface  up  the  sides,  while  the  tinstone  contents  at  the  same  time  increase 
in  coarseness.  The  slope  on  the  western  side  is  believed  to  be  valueless  for 
dredging,  being  poor  and  shallow. 

Mr.  Hawley  informed  me  that  from  one  of  the  first  bores  a  pale  straw- 
coloured  diamond,  of  the  size  of  a  pea,  was  obtained. 

The  original  owners  of  the  land  sank  260  bores  on  the  2  miles  of  the 
claim,  but  not  in  any  sequence,  and  without  including  the  3  feet  of  surface 
material  in  their  calculations;  and,  iu  consequence,  an  exaggerated  idea  of  the 
amount  of  tinstone  in  the  ground  was  formed. 

Dredgers. — Owing  to  the  general  scarcity  of  water  in  this  locality,  it  is 
not  unlikely  that  a  large  dredger  would  be  laid  up  during  three  or  four  months 
in  a  year,  and  Mr.  Hawley  will  propose,  if  dredging  is  to  be  carried  on,  to  install 
several  small  suction  dredgers,  worked  by  motors  from  one  central  electrical 
power  station.  The  three  great  obstacles  to  dredging — want  of  water,  layers  of 
"cement,"  and  huge  boulders — would  be  thus  to  some  extent  overcome.  One 
of  the  chief  reasons  for  preferring  the  suction  dredger  is  that  the  bedrock  will 
be  exposed  to  view,  and,  if  decomposed,  will  not  be  broken  into  as  it  might  if  a 
bucket  dredger  did  the  work.  The  groimd  on  the  shallower  slopes  not  to  be 
reached  by  the  dredger  will  be  sluiced  down  with  nozzles  to  within  reach  of  the 
suction  pipes.  In  addition,  the  smaller  plants  will  be  more  mobile,  and  less 
time  will  be  wasted  in  repairs.  However,  it  will  not  be  actually  decided  to 
install  dredgers  until  the  results  of  the  bores  have  been  obtained,  though  I 
think  these  have  been,  on  the  whole,  favourable. 


IV.— LODE  TIN  MINING. 

Mr.  Skertchley  in  his  report*  on  the  Stanthorpc  district,  says,  p.  42: — 

"  I.  The  stream  tin  is  not  derived  from  lodes,  but  from  two  distinct  sources 
of  probably  contemporaneous  origin :  (a)  the  greisen,  or  altered  granite  of  the 
joint  planes ;  (6)  the  dykes,  chiefly  elvan.  ...  3.  The  whole  of  the  greisea 
and  much  of  the  elvan  is,  by  constant  weathering,  releasing  tin  and  forming 
what  is  known  as  surface  tin.  .  .  .  quite  crystalline  and  xmworn.  7.  The 
richness  of  the  stream  tin  is  no  proof  whatever,  or  even  an  indication,  of  t^e 
existence  of  rich  lodes;  but  was  due  to  the  long-continued  denudation  of  veiy 
widespread  though  poor  stanniferous  rock."  With  all  this  I  am  in  entire 
agreement,  except  that  it  is  quite  possible,  though  perhaps  not  probable,  that 
payable  stanniferous  lodes  may  yet  be  found. 

♦  Op.  eiL 
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(a)  The  Ballai^dean  Tin  Mining  Company. 

The  Ballandean  Tin  Mining  Company  has  secured  a  lease  from  the  owner 
of  a  500-acre  unconditional  selection  on  the  left  bank  of  the  Severn  River,  6 
miles  west  of  Ballandean  Railway  Station,  with  the  intention  of  testing  several 
adjacent  veinlets  of  tin  ore  outcropping  on  a  ridge-top  there. 

The  country  rock  is  clay-slate  which,  along  the  joints  striking  about  north- 
north-east  to  north-east,  and  dipping  west-north-west,  has  been  greisenised,  and 
there  carries  bunches  of  large  crystals  of  tinstone  (^inch  diameter).  These  mica- 
ceous joints  are  found  over  a  width  of  107  feet  on  the  surface,  the  total  amoimt  of 
tin  present  being  only  a  fraction  of  a  unit  per  cent.  The  hope  was  reasonable  that 
a  payable  patch  of  tin  ore  might  be  found  at  a  greater  depth,  and,  therefore,  an 
adit  was  opened  from  the  west  at  about  40  feet  below  the  hilltop,  but  though 
the  main  joints  were  found  at  26,  44,  and  61  feet  to  be  mineralised  with 
mispickel,  they  contain  scarcely  any  tiuKtone.  A  drive  is  being  opened  to  the 
south  on  the  last  mentioned  joint,  where  there  is  6  to  9  inches  of  quartz,  besides 
2  feet  of  cupriferous  mispickel,  which  practically  cut^^  out  on  the  opposite  side 
of  the  adit.  The  adit  has  been  carried  in  a  total  of  81  feet.  A  small  granite 
vein  in  the  face  points  to  the  main  granite  mass  being  at  no  great  depth.  I 
can  see  no  promise  of  a  permanent  lode  being  found  here,  but  it  might  be  some 
satisfaction  to  sink  on  the  third  vein  to  a  depth  of,  say,  50  feet,  as  a  bunch  of 
rich  ore  might  be  found. 

Rich  stanniferous  and  uiispickel-bearing  veins  (similar  to  those  at  Red 
Rock),  on  north-east  joints  are  to  be  seen  in  the  granite  below  the  slates  on 
the  southern  side  of  the  Severn  River,  half  a  mile  north-west  of  this  adit. 
Several  hundredweight  of  ore  (50  per  cent,  tinstone)  was  obtained  from  one  of 
these,  and  more  could  be  got,  but  pennanency  is  not  to  be  expected.  Several 
prospecting  trenches  were  opened  in  the  locality  a  few  months  ago,  one  o! 
which  exposes  greisen  carrying  a  little  molybdenite  and  tinstone,  but  in  too 
small  quantities  to  be  worth  holding. 

(b)  Latb  Prospecting  at  Red  Rock. 

During  the  last  month  (November)  two  claims  have  been  pegged  out 
about  a  mile  east-north-east  of  the  Sundown  Mine,  on  one  of  the  branch  gullies 
opening  into  Red  Rock  Creek.  They  are  near  the  centre  of  an  area  formerly 
held  under  mining  lease. 

Mr.  Skertchley  refers  to  the  granite  boss  of  Red  Rock  as  being  euritic,  with 
north-north-west  master  joint*.  Mr.  Rands  visited  the  locality  in  1883,  and 
found  a  shaft  and  trenches,  reported  to  be  on  a  20-inch  quartz  reef,  with  strings 
of  ore. 

P.  A,  Jf9  (Morris  Claim). — This,  which  is  on  the  eastern  side  of  the  old 
M.  L.  814,  is  reached  after  a  stiff  climb  of  over  550  feet  down  from 
the  Sundown  road.  The  country  on  the  southi  is  slate,  but  there  is  a  gradual 
passage  down  the  hill  to  the  granite  below.  The  Sundown  Mine  (in  slate)  is 
1,200  feet  below  the  range  top,  but  the  junction  of  the  slate  and  granite  here 
is  only  750  feet  below  it,  the  granite  having  intruded  further  in  to  the  slates 
here. 

Morris  has  begun  a  shaft  in  altered  slates  containing  mica,  copper  stains, 
and  finely-disseminated  tinstone,  but  as  yet  the  formation  is  not  well-defined, 
and  enough  work  has  not  been  done  for  its  value  to  be  determined. 

About  a  chain  to  the  north  and  70  feet  below  is  an  old  shaft  on,  to  judge 
by  the  tip,  felspar  rock,  containing  crystals  of  tinstone  up  to  J-inch  in  diameter. 
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with,  veins  of  crystallised  quartz.  Some  50  yards  below  the  shaft  is  an  old  open 
cut,  the  result  of  a  company's  work  two  or  three  years  ago.  The  country  here 
is  still  slate,  the  ore,  bunches  of  tin-bearing  quartz  and  soft  replaced  slate, 
occurring  on  joints.  The  company  burnt  and  dollied  the  ore,  which,  to  judge 
from  what  they  left,  must  have  been  very  rich. 

P.  A.  31  (Gunn%  and  Eli 8  Claim). — This  adjoins  P.  A.  49  on  the  north, 
and  is  wholly  in  granite — ^very  siliceous  and  f  el  spathic,  with  joints  striking 
Dorth-east  to  east-north-east,  and  dipping  south-east.  At  the  north-eastern  end 
of  the  tried  ground  is  a  trench  10  feet  long  and  2  feet  deep,  on  a  6-inch  vein  of 
almost  pure  cassiterite,  with  a  little  soft  matrix,  in  a  joint  in  granular  quartzose 
granite.  Towards  the  south-west  several  small  veins,  carrying  tinstone,  have 
been  exposed  over  a  width  of  5  feet,  and  the  ore  has  been  traced  for  3  chains 
to  the  south-west.  A  shaft  in  slates  on  the  ridge,  a  quarter  of  a  mile  beyond, 
is  believed  to  be  on  the  same  line,  though  the  tinstone  has  not  been  foxmd 
beyond  the  granite.  The  prospectors  wish  to  have  a  battery  erected  at  once, 
but  it  would  be  much  wiser  for  a  small  company  to  thoroughly  test  the  ground 
by  trenches  and  shallow  shaft*  and  crosscuts.  Tlie  amount  of  work  yet  done  is 
quite  insufficient  to  show  the  nature  of  the  deposits.  The  largest  trench  rather 
points  to  the  main  vein  of  ore  pinching  within  a  couple  of  feet  of  the  surface. 
I  am  inclined  to  believe  that  the  tinstone  has,  near  the  surface,  been  somewhat 
concentrated,  not  only  mechanically  but  chemically.  If  the  zone  5  feet  wide 
is  proved  to  carry  5  per  cent,  of  tinstone,  there  should  be  no  doubt  as  to  the 
advisability  of  erecting  a  battery.  A  certain  amount  of  difficulty  will  be 
experienced  in  reaching  the  main  road,  owing  to  a  climb  of  over  1,000  feet 
within  half  a  mile,  but  an  entirely  new  road  could  be  made,  at  some  expense, 
round  to  the  Red  Rock  Creek  Crossing. 

The  other  old  workings  in  this  locality  were  not  seen. 


l.^Not^s    on    Copper  and   StWer  MltiBS  nestr 

StstnthorpG. 

I._SUNDOWN   COPPER  MINE. 

Locality. — :This  is  a  reward  copi»er  claim — the  old  M.  L.  24,  the  only  one 
in  existence  of  twenty-eight  mining  leases  at  one  time  held  in  the  country 
between  Red  Rock  and  Sundown  Creeks.  It  is  on  a  branch  gully  from 
Sundown  Creek,  3  miles  above  the  Severn  River  and  28  miles  south-west  of 
Stanthorpe.  The  hills  over  which  the  Stanthorpe  road  passes  rise  1,200  feet 
above  the  mine,  within  a  distance  of  a  mile,  so  that  there  was  a  great  difficulty 
in  making  the  road  in  the  first  place,  and  in  using  it  in  the  second.  It  is 
proposed,  in  the  event  of  operations  being  again  begun,  to  construct  an  aerial 
tramway  to  do  away  with  the  necessity  for  the  road  for  most  purposes. 

The  only  workings  in  existence  at  the  time  of  Mr.  Skertchley's  visit*  were 
on  the  opposite  side  of  the  creek  (Clare's  open  cut).  The  last  work  was  done  in 
December,  1900,  at  which  time  <£5,875  had  been  expended.  The  present 
holders  are  endeavouring  to  raise  capital  to  prove  the  lode. 

General  Surface. — From  the  mine  a  tramline  ran  down  to  the  reverberatory 
sraelter,  7  chains  distant.  This  put  through  70  tons  a  week,  the  last  smelting 
of  150  tons  taking  16  days.  The  only  building  now  standing  besides  the 
furnace-shed  is  the  assay  office. 

•  Sie  G.a.Q.  Publication,  120. 
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Firewood  was  swung  ou  wire  ropes  aoross  to  the  furnace  from  the  adjacent 
hiUs  and  ridges,  it  being  impossible  for  vehicles  to  negotiate  the  country. 

There  is  no  natural  permanent  water  supply  here,  the  gullies  being  deep 
and  narrow  but  short  and  steep,  allowing  the  rain  water  falling  in  them  to 
quickly  run  off.  It  would  be  possible  to  conserve  a  sufficient  supply  by  one  or 
more  small  dams. 

Mirte  Workings. — ^The  mine  workings  include  an  adit  270  feet  in  length 
along  the  lode — i.«.,  to  the  north-east  and  east-north-east,  about  50  feet  above 
the  bottom  of  the  valley,  and  70  feet  below  the  ridge  top.  Half  way  in  a  60-feet 
shaft  connects  with  the  surface,  and  at  100,  135,  and  250  feet  from  the  mouth 
are  winzes  15,  50,  and  26  feet  deep  respectively.  At  the  bottom  of  the  second 
winze  drives  30  and  53  feet  in  length,  south  and  north,  have  been  opened,  and 
are  reported  to  be  in  ore.  There  is  said  to  be  4  feet  of  ore  in  the  bottom  of 
the  third  winze.     These  are  now  all  inaccessible,  the  main  one  being  flooded. 

An  overhand  stope  extends  from  the  mouth  of  the  adit  to  within  50  feet  of 
t^e  end  (where  the  lode  is  3  feet  6  inches  wide,  with  a  9-inch  cherty  centre) 
for  from  20  to  10  feet  above  the  drive. 

The  adit  seems  to  have  been  opened  in  slate,  but  at  15  feet  from  the 
mouth  grey  arsenical  material,  2  feet  in  width,  begins,  and  continues  for  5 
feet,  beyond  which  the  stopes  begin. 

The  ore  is,  as  a  rule,  not  easily  separated  from  the  country — gradually 
passing  into  it — ^but  there  are  well-defined  walls,  within  a  few  inches  or  a  few  feet 
of  the  lode.  The  lode  increases  in  thickness  from  2  feet  near  the  mouth 
of  the  adit  to  5  feet  at  the  second  (main)  winze,  then  decreases  to  3  feet, 
but  again,  at  the  third  winze,  spreads  out  to  7  feet  width,  including  much 
country.  It  seems  to  have  split  up  then,  and  one  of  the  branches  has  been 
followed,  and  is  widening  in  the  face,  where  it  contains  (Government 
Analyst) : — 

Gold  16  gr.  per  ton 

Silver  16  oz.        „ 

Copper        i  rS  per  cent. 

The  main  branch  is  probably  to  the  east-south-east  of  the  end  of  the  adit.  The 
lode  is  made  up  of  lenticular  bunches,  as  may  be  especially  well  seen  at  the  top 
of  the  stopes  near  the  shaft.  Great  and  sudden  variations  in  thickness  some- 
times take  place  within  a  few  inches,  owing  to  the  occurrence  of  flat  floors  or 
flaws,  and  the  ore  extending  further  on  one  side  than  the  other.  The  ore 
consists  in  greater  part  of  mispickel,  but  with  considerable  quantities  of  chal- 
copyrite  and  quartz,  and  a  little  cassiterite. 

In  1899,  30  tons  of  ore  were  sent  to  Cockle  Creek,  and  ran  11^  per  cent, 
copper,  with  silver  and  gold  in  addition.  The  last  smelting  (150  tons  of 
ore)  made  locally,  produced  25  tons  of  matte  containing  29  per  cent,  copper, 
with  76  oz.  silver  and  6  dwt.  gold  per  ton,  showing  that  the  ore  averaged  4.83 
per  cent,  copper,  12  oz.  13  dwt.  silver  per  ton,  and  1  dwt.  gold  per  ton. 

Geology, — The  country  rock  is  a  highly  altered,  fine-grained  sedimentary, 
the  true  bedding  of  which  is  not  distinguishable,  owing  to  metamorphism  the 
secondary  jointing.  Granite  is  reported  to  occur  on  Mount  McDonnell,  2  miles 
south-west  of  the  mine,  and  on  Mr.  Skertchley's  niap  a  small  patch  is  shown  on 
the  Severn  River,  just  above  the  entrance  of  Sundown  Creek.  Their  occurrence, 
together  with  that  of  the  Red  Rock  boss,  go  to  prove  that  the  whole  of  the 
area  is  underlaid  at  no  great  distance  by  granite,  though  the  mineralogical 
nature  of  the  lodes  would  alone  suffice  to  indicate  that.     It  seems  plain  that 
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Ihe  minerals  have  been  given  off  by  the  cooling  intrusive  granite,  and 
precipitated  in  fissures  and  joints  in  the  sedimentaries  above.  The  ore  deposits 
4it  Sundown  all  lie  on  one  zone,  but  probably  in  separate  fissures.  It  is  quite 
possible,  considering  the  small  deposits  of  staniferous  ores  in  the  vicinity,  that 
in  the  Sundown  lode  the  amount  of  copper  will  decrease  at  a  depth,  and  tlie 
tin  increase.  It  is  also  most  likely  that  there  will  be  rich  ore  at  the  junction 
•of  the  slates  and  granite. 

n.— WORKINGS  IN  THE  VICINITY  OF  THE  SUNDOWN  MINE. 

Clarets  Open  Cut  (the  Great  Eastern  or  Tin  Mine),  is  10  chains  south-west 
•across  the  gully  from  the  mouth  of  the  adit,  and  is  included  in  M.  L.  24.  The 
tinstone  is  chiefly  in  joints  in  the  slates,  but  where  the  rock  is  greisenised  the 
mineral  occurs  throughout  it,  often  included  in  xnispickel  which  has  replaced 
^e  slate ;  20  tons  of  tinstone  are  said  to  have  been  obtained  by  dollying  and 
duicing  a  formation  7  feet  wide. 

A  shaft  was  sunk  in  tbe  bottom  of  the  open  cut,  but  has  been  filled  in 
.again.  From  the  knowledge  that  the  tinstone  came  from  the  granite  below 
ODe  would  expect  to  find  other  deposits  in  depth,  though  prospecting  for  them 
might  not  be  a  payable  venture.  Wolfram  was  reported  to  have  been  almost 
as  plentiful  as  tinstone,  though  little  is  now  to  be  seen. 

BeacrofVt, — On  the  hillside,  330  feet  above,  and  nearly  half  a  mile  south- 
west of  the  Sundown  adit,  are  old  workings  on  M.  L.  23— -trenches  and  potholes 
on  the  ridge-top,  and  shaft  and  open  cut  on  the  north-eastern  slope.  In  the 
trenches  vertical  joints  in  slate  are  seen  striking  north-east,  and  along  them 
He  bunches  of  mispickel  carrying  small  crystals  of  tinstone.  The  main  shaft 
is  30  feet  below,  and  a  chain  north-east  of  the  trenches ;  it  is  said  to  be  100  feet 
deep,  but  is  now  inaccessible.  The  mispickel  ore  obtained,  together  with  a 
little  pyrite  and  cupriferous  pyrite,  at  a  depth,  carried  small  quantities  of 
tinstone.     The  country  is  slate. 

An  open  cut  10  yards  to  the  north-east  and  30  feet  below  the  brace  of  the 

:ahaft  simply  shows,  in  much-jointed  and  impregnated  slates,  a  zone  4  feet  wide 

of  stained  and  decomposed  country  with  stanniferous  mispickel  ore  in  bunches 

up  to  2  feet  in  diameter.     The  ore  in  the  decomposed  surface  portion  was 

washed  in  a  cradle,  to  separate  the  tinstone. 

An  adit  was  begun  35  feet  below,  on  a  formation  with  slightly  more 
tiastone  than  in  the  open  out,  indicating  a  more  promising  state  of  things  as 
the  granite  is  approached.  No  copper  carbonate  is  to  be  seen,  but  abundant 
scorodite  (hydrous  arsenate  of  iron). 

About  10  chains  north-east  of  the  Sundown  adit  on  the  north-eastern  side 
•of  the  Mine  ridge,  arsenopjrrite  in  slate  has  been  trenched  on,  but  little  of 
promise  can  now  be  seen.  A  small  open  cut,  10  chains  further  up  the  ridge  to 
the  eastrnorth-east,  shows  an  interesting  occurrence  of  pyrite,  arsenopyrite, 
blende,  cassiterite,  hornblende,  &c.,  in  slate,  proving  the  granite  is  at  no  preat 
•depth.  Owing  to  the  water  in  the  open  cut,  the  whole  ore  body  could  not  be 
seen,  but  Mr.  Skertchley  gives  its  greatest  width  as  3  feet. 

III.— SILVER  QUEEN  SILVER  MINE. 

The  mineral  lease  (No.  72),  of  40  acres,  lies  on  the  right  bank  of  the 
Severn  River,  a  little  over  6  miles  west  of  Ballandean  Railway  Station,  and  a 
mile  west  of  the  tin-sluicers'  claims.  It  was  secured  in  the  beginning  of  1899, 
and  worked  with  sixteen  men  for  two  years,  during  which  time  £3,000  was 
spent  on  mining  and  road-making. 
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Workings. — Five  shafts  have  been  sunk  along  the  line  of  lode.  The 
main,  or  "  prospecting  "  shaft  (No.  5),  is  on  the  ridge-top,  50  feet  above  the 
river,  and  its  total  depth  is  100  feet.  At  35  feet  depth  is  a  level  to  the  north- 
east for  10  feet,  in  slightly  copper-stained  strongly  pyritous  decomposed 
saccharoidal  siliceous  country,  and  another  to  the  south-east  for  6  feet  in  highly 
altered  slightly  copper-stained  country.  Ore  is  reported  to  have  crossed  the 
shaft  between  the  35  and  60-feet  levels. 

At  60  feet  depth  is  a  crosscut  to  the  west  for  10  feet  to  a  winze  on  the 
lode,  which  here  has  a  width  of  from  12  to  20  feet.  This  winze  was  also  sunk 
to  the  100-feet  level,  but,  like  the  main  shaft,  it  is  now  flooded  below  the 
60-feet  level. 

Mr.  Rodda,  the  former  manager,  has  informed  me  that  at  the  100-feet 
level  is  a  30-feet  crosscut  to  the  west ;  and  a  drive,  100  feet  in  length,  proves 
a  shoot  of  ore  60  feet  long.  At  the  western  end  of  the  drive  is  a  crosscut  proved 
20  feet  of  ore.  The  ore  body  in  the  No.  4  shaft  at  the  surface  was  believed  to 
have  been  cut  by  the  eastern  drive.  A  crosscut  to  the  north  reached  slate  in 
40  feet. 

About  500  tons  of  ore  lie  at  grass,  and  rather  more  mullock.  A  sample  of 
the  ore  assays  (Government  Analyst) : — 

Gold  ...         ...  ...  16  gr.  per  ton 

Silver  ...         ...  17  oz.  12dwt.    Ogr.       „ 

Copper  1*26  per  cent. 

Lead  ...         ...  7*0  „ 

Zinc  8*8         „ 

A  trench  to' the  west  exposes  fine-grained  quartz-felspaivporphyry,  but  no 
ore.  The  ore  has,  however,  been  followed  to  the  east  to  the  river.  The  first 
shaft  (No.  4),  an  underlie  70  feet  deep,  is  1  chain  east  of  the  main  shaft;  in  it, 
or  in  the  17-feet  crosscut  on  the  south,  at  50  feet  depth,  a  little  poor  mispickel 
was  found.  The  second  (No.  3),  1  chain  further  east,  is  on  pyritous  stone,, 
believed  to  be  a  formation.  There  is  a  big  outcrop  of  decomposed  porphyry, 
stained  with  copper  carbonates,  about  a  chain  beyond,  and  an  open  cut,  10 
yards  across  and  10  feet  deep,  with  shallow  shafts  partly  filled  in.  The  ore 
raised  here  (about  10  tons  of  siliceous  mispickel)  does  not  look  very  promising. 
In  the  last  shaft,  half  a  chain  beyond,  only  traces  of  ore  were  foimd.  The  river 
is  only  30  feet  below  this. 

Output. — Forty  tons  of  picked  ore  have  been  sent  to  Cockle  Creek,  in 
different  parcels,  yielding  from  2^  to  4 J  per  cent,  copper,  15  per  cent,  lead,  and 
8^  to  16  oz.  silver  (average  12  oz.),  the  siliceous  ore  being  richer  in  silver. 

Geology. — These  deposits  consist  of  impregnations  and  replacements  of 
the  northern  parts  of  a  quartz-felspar-porphyry  dyke  (which  is  of  extremely 
variable  coarseness),  the  replacing  minerals  consisting  chiefly  of  pyrite,  with 
galena,  chalcopyrite,  and  a  little  arsenopyrite,  zincblende,  &c.,  the  last  filling^ 
interspaces  between  the  quartz  crystals.  The  ore  is  bunchy,  and,  though  the 
bundles  may  contain  large  quantities,  work  will  be  expensive.  The  value  of 
the  ore  is  stated  to  be  about  £4  a  ton. 

The  presence  of  the  blende  is  rather  unfortunate,  for  the  amount  would 
be  largely  increased  by  concentration,  though  perhaps  not  to  the  extent  of 
preventing  the  smelting  of  the  concentrate.  It  is,  however,  possible  that  if 
the  percentage  proved  very  high  the  concentrates  could  be  shipped  to  an 
oil-concentrating  works,  where  there  should  be  no  difficulty  in  separating  the 
minerals.  Certain  of  the  wet  processes  for  copper  extraction,  such  as  NeilFs 
or  Van  Arsdale's,  or  the  new  Hunt  and  Douglas,  are  as  likely  as  any  to  enable 
this  ore  to  be  profitably  treated. 
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IV.— PIKEDALE  SILVER  MINE. 

The  Pikedale  Silver  Mine  is  on  freehold  block  802,  near  Pikedale  Heacf 
Station,  and  within  a  few  chains  of  the  Silver  Spur  road,  20  miles  west  of 
Stanthorpe. 

The  mine  is  not  now  being  worked,  but  was  visited  by  Mr.  Skertchley  in 
1897,  a  year  before  it  closed.^  There  were  then  six  shafts,  the  deepest  84  feet 
(now  170  feet)  deep.  Mr.  Skertchley  gives  the  thickness  of  the  lode  as  from  1 
to  3  feet.  The  ore  contains  silver,  gold,  copper,  lead,  zinc,  iron,  manganese,  &c., 
but,  unfortunately,  no  analyses  have  been  published.  A  furnace  was  erected 
on  the  ground,  and  the  matte  produced  shipped  to  Europe.  Mr.  W.  G.  Rodda^ 
late  manager  of  the  mine,  tells  me  that  he  smelted  750  tons  of  ore,  producing 
100  tons  of  matte,  containing  30  to  40  per  cent,  copper,  150  to  300  oz.  per  ton 
silver,  and  ^  oz.  per  ton-  gold,  valued  at  £3,000  in  Swansea.  This  gives  the 
contents  of  the  ore  as: — 

Copper  ...         ...       4  to  5 J  per  c»-nt. 

Silver  ...         ...         ...     20  to  40  oz.  per  ton 

Gold     ...  ...  ...       1  dwt.  S  jrr.  per  ton 

Mr.  Rodda  affirms  that  the  lode  averages  6  feet  in  width,  and  contains 
from  2 J  to  5^  per  cent,  copper,  and  from  16  to  40  oz.  (average  25  oz.)  per  ton 
silver. 

The  refractory  nature  of  the  ore  seems  to  have  caused  some  trouble,  but 
the  lai^e  amount  of  non-contributing  shares  are  held  to  be  the  chief  cause  of  the 
mine's  present  idleness. 


S.—Notes    on   Mines    nestr  Texas   (Ststnthorpe 

District.) 

1.— SILVER  SPUR  SILVER  MINE. 

(a)  Locality. 

SQver  Spur  lies  west-south-west  of  Stanthorpe,  44  miles  in  a  direct  line, 
and  53^  miles  by  road.  It  is  6  miles  east  of  Texas,  and  3^  miles  from  the 
Severn  or  Dumaresque  River.  The  main  Stanthorpe  road  runs  vid  Texas,  and 
is  20  miles  longer  than  the  direct  short  cut  from  the  mine,  which  the  mail 
coach,  rimning  twice  a  week,  now  takes.  Silver  Spur  township  has  a  population 
of  something  over  200,  depending  absolutely  on  the  mine,  which  it  now 
practically  encircles. 

(b)   HlSTOUT. 

The  discovery  of  copper-stained  gossan  was  made  in  1891  by  one  of  the 
men  employed  at  the  Texas  Copper  Mine.  A  syndicate  was  formed,  and  sunk 
a  prospecting  shaft  (No.  1)  to  70  feet  depth,  for  copper.  Soon  after  the  mine 
waj5  "  jumped  '*  and  held  as  a  silver  mine,  the  first  specimen  assayed  yielding 
silver  equivalent  to  216  oz.  silver  per  ton,  the  richest  yet  found.  In  November, 
1892,  the  mine  was  purchased,  a  small  company  (24,000  shares  of  £1,  paid  up 
to  158.),  was  formed,  and  has  successfully  carried  on  operations  till  the  present, 
when  prospects  are  brighter  than  at  any  previous  time. 

The  mine  is  referred  to  at  some  length  in  Mr.  Skertchley's  report  on  the 
Stanthorpe  district,  alread}'-  quoted,*  and  in  an  interesting  paper  by  Mr.  H.  G. 
Stokes,  read  before  the  North  of  England  Institute  of  Mining  and  Mechanical 
Engineers. 

*  O.S.Q.  Publication,  No.  120. 
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(c)  Mining. 

This  mine  is  iinique  in  Queensland,  the  deposits  worked  consiting  of  huge 
partly  isolated  leases.  A  relatively  large  amount  of  dead  work  is  necessitated 
in  exploitation,  for  though  a  shaft  is  sunk  on  each  deposit,  it  has  to  be 
connected  with  the  others  for  ventilation,  exploration,  and  exploitation,  making 
the  total  expenses  of  mining  unusually  great.  The  mining  costs  for  the  year 
1901,  exclusive  of  shaft-sinking  and  prospecting,  were  16s.  per  ton,  the  work 
in  the  larger  stopes  costing  7s.,  and  in  the  smaller  156. 

About  thirty  men  are  employed  in  connection  with  mining  alone,  half  on 
the  surface  and  half  below,  but  a  far  greater  umnber  are  engaged  in  wood- 
cutting, and  timber,  lime   and  matte  carrying. 

Comparatively  small  shafts  (3  by  6  or  9  feet),  have  thus  far  been  sunk^ 
but  the  main  shaft,  now  a  little  over  300  feet  deep,  in  which  most  of  the 
hauling  is  done,  from  between  the  200  and  300  feet  levels,  where  the  No.  2 
and  No.  3  ore  bodies  and  those  below  are  being  worked,  is  now  being  enlarged. 

The  levels  are  large,  and  need  very  little  timber,  but  in  the  larger 
abandoned  stopes  passages  have  to  be  kept  open  by  means  of  square  set 
timbering.    No  timbering  whatever  is  required  while  working  in  the  sulphides. 

The  importance  of  prospecting  is  well  understood  at  this  mine,  for  in 
several  instances  new  ore  bodies  have  been  found  by  breaking  into  the  country 
adjacent  to  the  workings ;  yet,  at  the  present  time  very  little  exploratory  work 
is  going  on.  In  fact,  the  main  shaft  is  only  a  few  feet  below  the  300-feet  level, 
and  this  is  especially  surprising  iu  view  of  the  fact  l^at  an  up-to-date 
reverberatory  furnace  is  now  in  course  of  erection. 

((T)  Output. 

The  anual  output  of  ore  is  about  4,000  tons,  but  a  steady  increase  is  now 
expected.  At  the  end  of  last  year  (1903),  there  were  2,000  tons  of  ore  on  the 
surface.  The  amount  actually  smelted  in  1903  amounted  to  3,802  tons, 
yielding : — 

Silver— 96,000  08 valued  at  £8,967 

Lead — 45  tons ...  „              517 

Copper — 81  tons            „            1,798 

Gold — 147  oz „              588 


£11,870 
The  total  dividends  to  the  present  amount  to  £18,618. 

(e)  Surface  Plant. 

The  winding  is  done  by  a  1 2-horsepower  engine,  geared  to  a  4-feet  drum, 
and  supplied  with  steam  by  a  5 2-horsepower  Babcock  and  Wilcox  boiler.  In 
the  same  building  is  a  Westinghouse  Standard  12-hor8epower  engine  and  air 
compressor,  delivering  air  at  70  lb.  pressure  to  the  two  rock  drills  used  in 
the  mine.  Adjacent  to  the  engine-house  is  a  small  sawmill,  which  has  been 
found  necessary,  owing  to  the  isolated  position  of  the  mine,  and  has,  besides, 
proved  of  considerable  service  to  selectors  in  the  district.  Near  the  shaft  is  a 
"Giant"  crusher,  with  9  by  15  inch  jaws,  worked  by  its  own  lO-horsepower 
engine,  and  used  for  crushing  the  lime  and  quartz  or  siliceous  ore  from  the 
mine  used  in  smelting,  the  latter  when  the  ore  becomes  too  basic  for  the 
furnace — i.e.,  when  the  silica  contents  fall  below  20  per  cent. 


-.  o 
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{f)  Gboloqt. 

The  ore  bodies  occur  in  beds  of  dark-grey  clay  slates,  which  are  interbedded 
irith  lighter  clay  slates,  and  the  occurrence  is  due  to  strike  faulting  or  crushing. 
Sandstones,  conglomerates,  and  limestones,  as  well  as  schists  and  quartzites, 
-occur  ill  other  parts  of  the  district,  and  in  some  of  the  sandstones  Permo- 
Carboniferous  fossils  have  been  found."*^  The  aTerage  strike  is  north  and  south, 
with  variable  easterly  dip.  Numerous  diorite  dykes  have  been  noted,  one 
outcropping  within  10  chains  of  the  ore  bodies.  It  is  most  probable  that  the 
ore-bearing  solutions  were  derived  from  the  deep-seated  mass  of  which  this 
djke  Lb  an  offshoot. 

It  has  always  been  recognised  that  the  Silver  Spur  ore  bodies  are  closely 
connected  with  faults.  At  first  it  was  thought  that  they  were  simply  bunches 
.attached  to  one  main  fault,  striking  about  north-west.  This  fault  is  most 
strongly,  or  at  least  most  plainly,  developed  at  the  north-western  end,  but 
.towards  the  south-east  it  has  split  up  into  several  nearly  parallel  branches,  and  it 
is  difficult  to  say  which  is  the  main  one,  especially  near  the  main  shaft  on  the 
200  and  300  feet  levels,  where  the  faults  include  ore  bodies. 

Several  other  faults  abut  against  this  main  fissure  on  the  south-west, 
generally  normally.  These  are  "  strike  faults  "  (the  country  having  a  strike  of 
about  north-north-east),  and  along  them  the  country  has  been  replaced  by  ore, 
the  result  being  ore  bodies.  As  a  general  rule  the  ore  bodies  are  not  adjacent 
to  the  main  fissure  in  the  upper  levels,  but  approach  it  in  depth,  and  seem 
there  to  be  developing  along  it  as  well  as  on  the  fissures  at  right  angles  to  it. 

The  main  fissure  (first  found  at  45  feet  depth  in  No.  2  shaft),  is  tight, 
and  never  carries  water,  while  the  gossans  and  ore  fissures  are  alwajrs  saturated 
when  first  opened;  it  is  strongly  graphitic  in  places,  especially  in  the  central 
part  of  the  workings  and  on  the  300-feet  level.  At  several  places  along  the  fault 
the  country  on  the  southern  side  is  seen  to  be  bent  round  to  the  west,  near  the 
fault,  and  therefore  the  country  on  the  south  has  been  shifted  to  the  south- 
•east,  but  it  is  not  possible  to  give  the  amount  of  movement,  either  vertical 
or  horizontal.  The  main  fault  was  driven  on  to  the  south-east  from  the  No.  2 
shaft  at  60  feet  depth,  and  foimd  to  split  at  50  feet  distance.  The  coimtry  is 
•crushed  towards  tiie  end  of  the  drive,  and  work  stopped  at  a  strongly 
mineralised  promising-looking  "fioor,"  but  a  drive  from  the  Long  Drop  shaft 
to  the  east  is  believed  to  be  only  30  feet  distant,  and  proved  only  a  barren 
fissure. 

It  was  the  idea  of  Mr.  Stokes,  the  former  manager,  that  the  fault  splits  at 
the  180-feet  level,  and  that  the  deposits  are  included  between  the  branches 
Lelow;  liie  present  manager  believes  that  the  lower  faults  do  not  junction  at 
the  180-feet  level,  but  extend  as  parallel  planes  to  the  surface.  There  is 
nothing  to  support  the  latter  hypothesis.  This  splitting  of  the  faults  has 
caused  considerable  uncertainty  as  to  their  relations  to  the  ore  bodies  on  the 
150  and  300  feet  levels,  owing  to  some  of  them  cutting  across  the  bodies. 

Ore. — The  ore  consists  of  a  fine-grained  crystalline  mixture  of  galena  and 
blende,  with  patches  and  bands  of  chalcopyrite  and  pyrite.  That  the  ore  has 
replaced  country  rock  either  where  thin  bedded  or  crushed  (or  in  other  places 
brecciated),  is  proved  by  a  section  in  the  drive  along  the  main  fault  at  the 
200-feet  level,  where  2  feet  of  fissile  ore  occm-s,  identical  in  appearance  with  the 
adjacent  country. 


*  4t 
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Formerly  all  quartz  and  quartzose  ore  were  rejected,  but  the  siliceous  ore 
now  being  got — especially  on  the  300-feet  level,  where  it  contains  ruby  silver 
ore  (silver  sulphantimonide) — is  richer  than  the  clean  sulphides,  and  the- 
manager  hopes  to  be  able  to  work  out  much  ore  formerly  left. 

A  granite  pebble  (white  quartz,  black  biotite,  pink  felspar,  and  pinite)  3 
inches  in  diameter,  was  found  last  year  in  the  ore  between  the  200  and  300  feet 
levels  in  No.  3  ore  body.     While  many  of  the  pebbles  found  in  the  slates  are- 
due  to  movement  and  represent  uncrushed  country,  these  granite  pebbles,  of 
which  several  others  have  been  found  in  the  district,  have  been  dropped  from 
floating  trees  or  ice,  during  the  deposition  of  the  sediments. 

As  the  gossan  was  gradually  worked  out  it  was  found  necessary  to  work 
the  sulphides,  and  some  surprise  was  caused  by  their  relatively  high  silver 
contents.     (See  analyses  below.) 

iff)  Orb  Bodibs. 

It  was  believed  till  lately  that  there  were  four  main  deposits,  but  the  work 
on  the  300-feet  level  has  brought  to  light  several  additional  deposits  between 
No.  2  and  No.  3  shafts.  One  of  these  bodies  is  the  largest  yet  found,  bo  the- 
management  have  good  cause  to  think  that  there  is  a  bright  future  before  the 
mine. 

Ore  Body  No,  h — The  prospecting  shaft,  which  is  150  feet  deep,  was 
begun  on  a  small  outcrop  of  copper-stained    gossan,  containing  a  little  native 
silver.     It  is  vertical  to  60  feet,  and  then  underlies  steeply  to  the  east  to  the- 
bottom. 

The  ore  body  has  now  been  practically  worked  out,  though  there  are 
signs  of  it  again  at  the  300-feet  level.     The  gossan  on  the  60-feet  level  was 
worked  for  a  distance  of  130  feet  north  and  south,  with  a  width  of  from  5  to- 
25  feet,  strings  of  ore  still  running  on  to  the  south  beyond  where  worked^ 
apparently  well  worth  prospecting.    The  average  value  of  the  gossan  was : — 

Silver  30  oz.  per  ton 

Gold  20  gr        „ 

Copper  2*5  per  cent. 

Lead  ...         ...  5  to  6       „ 

but  assays  up  to  6  oz.  of  gold  per  ton  were  obtained.     The  gossan  passed  into* 
sulphide  at  90  feet  depth. 

At  the  100-feet  level  the  average  width  was  10  feet,  and  small  lenses  of 
ore  can  here  be  seen  on  the  eastern  side  of  the  face,  replacing  the  clay  slate- 
country,  while  the  western  wall  is  slickensided  and  slightly  graphitic.  The- 
hanging-wall  is  generally  broken  and  mixed  with  ore.  A  tongue  8  feet  wide,  of 
22-oz.  ore,  still  remains  at  the  south  end,  and  will  be  worked  in  the  future; 
12  feet  width  of  poorer  ore  (12-oz.)  have  also  been  left  at  the  northern  end, 
though  it  may  improve  within  a  foot.  A  block  between  the  80-feet  and 
100-feet  levels  is  the  only  quantity  of  ore  left  in  the  No.  1  workings.  A 
prospecting  drive,  known  as  "  HalFs  FoUy,^'  was  carried  100  feet  to  the  north- 
north-east  of  the  main  fault,  at  the  northern  extremity  of  this  ore  body,  in 
unsuccessful  search  of  other  bodies.  Much  broken  country,  carrying  an  ounce 
of  silver  per  ton,  similar  in  appearance  to  the  highly  argentiferous  country 
beside  No.  4  body,  was  met  30  feet  north  of  the  fault. 

At  the  150-feet  level  the  ore  was  worked  over  a  length  of  85  feet  and  a 
width  of  from  1  to  20  feet,  but  for  only  20  feet  below  the  level  where  it  showed' 
signs  of  "  tonguing  out."  The  body  was  thought  to  have  pinched  out  here^ 
but  miners  believe  the  small  body  on  the  300-feet  level  is  the  same.     The  ore- 
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is  here  broken  up  by  floors  dipping  south-weBt,  and  similar  in  their  occurrence 
to  those  in  the  country  north  of  the  main  shaft.  The  sulphides  from  this  body 
flTeraged: — 

16  oz.  per  ton 
1  dwt.     „ 
26'85  per  cent. 
27-83 
24-57 
11-40 
6*46 


Silyer 

Gold 

Silica 

Sulphur 

Iron 

Zinc 

Lead 

Copper 


2-20 


Manganese  dioxide  1*19 


99 
99 
99 
99 
99 
99 


10000 

The  ore  is  composed  of  dense  galena  and  blende  with  patches  and  bands  of 
pyrite  and  chalcopyrite.  A  slight  amount  of  poor  quartzose  gossany  ore  is  now 
being  got  from  the  No.  1  body,  for  fetling  purposes  in  the  reverberatory 
furnace.  A  few  small  bunches  of  ore  occur  along  the  main  fault  between  No.  1 
and  No.  2  ore  bodies. 

A  strange  body  of  ore  came  in  at  170  feet  depth,  within  a  few  feet  of  the 
No.  1  lode,  and  was  followed  up  from  the  200-feet  level,  on  the  northern  side 
of  the  fault  cutting  off  No.  1. 

On  the  200-feet  level,  50  feet  north-north-west  of  No.  2  shaft,  a  strong 
formation  on  a  good  fissure  striking  north-north-east  has  been  taken  to  be 
the  No.  1  body,  but  in  the  face  of  a  drive  nmning  north-west  from  the  shaft 
there  is  now  a  strong  emission  of  carbon  dioxide  gas.  No.  1  body  having  been 
"  leady  "  and  gaseous,  it  is  expected  that  it  will  be  found  by  continuing  the 
drive. 

Ore  Body  No.  2. — No.  2  sliaft,  100  feet  east  by  south  of  No.  1  shaft,  was 
begun  with  the  idea  of  striking  the  No.  I  ore  body  at  a  depth,  and  unexpectedly 
struck  the  No.  2  body,  which  did  not  actually  reach  the  surface,  though 
afterwards  worked  to  within  a  few  feet  of  it.  It  is  now  317  feet  deep,  and  used 
as  a  main  liauling  shaft,  because  of  its  central  position;  its  dimensions  above 
the  200-feet  level  are  9  by  3  feet,  but  below  that  11  by  4  feet,  the  intention 
being  to  strip  down  the  upper  part  when  opportunity  occurs. 

The  body  near  the  surface  had  a  length  of  65  feet  with  an  average 
width  of  5  feet,  while  on  the  56-feet  level  it  had  a  total  length  of  110  feet, 
with  a  width  of  2  to  10  feet.  The  southern  half  was  gossan  to  80  feet 
depth,  the  northern  to  only  45  feet,  the  two  parts  being  supposed  to  be 
separated  by  the  main  fault.  The  oxidised  condition  of  the  southern  portion  is 
probably  due  to  the  slightly  crushed  nature  of  the  country  there.  The  slate 
pebbles  found  in  the  ore  here  may  possibly  be  the  harder  uncrushed  parts  of 
the  original  country.  The  sudden  variations  in  the  size  of  the  ore  bodies  is 
strongly  marked  on  this  level,  where  the  ore  suddenly  increases  from  1  or  2 
feet  to  6  feet  in  thickness  at  one  of  the  "  floors." 

On  the  100-feet  level  the  body  abuts  against  the  fault,  and  averages  6  feet 
in  width  for  60  feet  from  the  shaft,  beyond  which  the  drive  was  continued 
15  feet  further  south,  on  formation,  with  occasional  bunches  of  ore  in  clay  slate. 
The  crushed  country  to  the  east  carries  a  little  silver.  The  ore  near  the 
Rhaft  is  fissile,  and  the  laminae  run  in  to  the  south-west  (elsewhere  they  bend 
to  the  south-east),  and,  therefore,  there  is  reason  in  believing  the  main  fault  is 
r.ot  here,  but  further  north.  On  the  southern  side  of  the  shaft  small  lenses 
have  been  followed  for  100  feet,  which,  when  bearing  ruby  silver  ore,  often 
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contain  oyer  40  oz.  silver  per  ton.     The  numerous  lenses,  the  formation  on; 
the  fissure,  and  the  black  shaley  nature  of  the  country,  all  indicate  the  presence 
of  another  ore  body  here.     A  winze  sunk  to  the  150-feet  level  proved  several 
overlapping  lenses. 

Hie  No.  2  ore  body  was  not  worked  below  130  feet  depth,  though  the 
formation  continues,  the  crushed  country  10  feet  west  of  the  No.  2  shaft  on 
the  150-feet  level  being  believed  to  be  the  same.  A  formation  occurs  at  the 
shaft,  with  veins  and  lumps  of  ore,  and  has  been  driven  on  to  the  south  and 
south-east. 

A  small  ore  body,  assumed  to  be  No.  2,  was  struck  40  feet  south-south-west 
of  the  shaft,  on  the  300-feet  level.  It  carries  from  3  dwt.  up  to  2  oz.  gold  per 
ton. 

The  country  on  the  west  side  of  the  southern  portion  of  the  ore  body  is 
strongly  slickensided. 

Ore  Body  No.  S, — The  No.  3  shaft,  240  feet  south-south-east  of  No.  1 
shaft,  was  begun  on  a  small  outcrop  of  gossan  70  feet  long  and  1  to  8  feet 
wide,  but  the  large  amount  of  water  in  the  lode  prevented  exploitation  for 
several  years.  Wlien  the  water  was  finally  overcome,  the  deposit  proved  to 
contain  some  of  the  richest  ore  yet  found  there,  and  has  now,  in  conaequenoe, 
been  worked  out. 

At  the  50-feet  level  the  body  is  100  feet  long,  and  up  to  30  feet  wide;  a 
strong  fissiu'e  connects  the  body  with  the  main  fault  100  feet  distant. 
Lenticular  masses  of  quartz,  probably  older  than  the  ore,  oociu:  on  the  eastern 
side  of  the  deposit  at  the  60-feet  level.  As  the  ore  body  pitches  towards  the 
north,  the  southern  end  passes  through  the  shaft  at  90  feet  depth  at  the  water 
level. 

On  the  90-feet  level  the  ore  was  20  feet  wide  a  little  north  of  the  shaft, 
but  it  gradually  contracts  to  the  faulted  face,  60  feet  from  the  shaft,  where  the 
country  is  considerably  veined  with  translucent  selenite.  The  country  there  iff 
a  pebble-bearing  clay  slate,  with  all  the  appearance  of  a  "  crush  conglomerate."' 

At  the  150-feet  level  ore  occiu's  at  the  north-east  comer  of  the  No.  2  shaft,, 
and  also  in  the  shaft,  but  its  relation  to  the  other  deposits  cannot  be  seen. 
The  No.  3  ]}ody  is  130  feet  long  and  5  feet  wide  on  this  level,  and  is  reached 
by  a  crosscut  from  the  No.  2  shaft.  The  ore,  10  to  12  feet  in  width,  has  been 
stoped  right  to  the  surface  from  the  level:  that  underfoot  is  siliceous,  and 
worth,  as  far  a^  known,  only  £2  a  ton,  but  will  be  made  available  as  a  flux, 
and  in  working  may  be  found  to  contain  rich  ore.  A  long  tongue  and  several 
small  lenses  were  followed  by  a  prospecting  drive  to  the  south;  these  lenses  of 
ore  occur  between  the  lamina*  of  the  slate,  which  are  themselves  often  converted 
into  ore,  and  may  be  due  to  the  deposition  of  the  ore,  for  they  are  not  found 
elsewhere.  The  drive  was  carried  on  along  the  eastern  wall  for  some  distance 
south  of  the  main  body. 

Work  is  now  being  carried  on  at  190  feet  depth,  where  there  are  10  feet 
of  sulphides,  and  towards  the  south  12  inches  of  clay  on  the  hanging-wall 
carrying  40  oz.  silver.  One  man  during  the  twelve  months  prior  to  October 
had  broken  down  400  tons,  and  is  now  stoping  upwards.  The  country  here  is 
massive  grey  clay  slate ;  on  the  east  it  is  shattered,  graphitic,  and  clay-stained. 

The  ore  on  the  200-feet  level  was  struck  by  driving  40  feet  south  of  the 
No.  2  shaft,  when  strong  gas  was  emitted  by  the  ore  body.  The  body  has 
quite  lately  been  proved  within  a  few  feet  of  the  shaft.  Ore  has  been  proved 
for  40  feet  under  the  200-feet  level.  It  is  30  feet  wide  in  one  place  (10  feet  of 
which  is  poor),  but  within  30  feet  it  pinches  to  1  foot,  and  varies  from  6  to  12 
inches  to  the  winze  160  feet  south  of  the  shaft,  beyond  which  the  formation 
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still  continues.  Ruby  ailyer  was  first  found  in  the  northern  part  of  the  bodjr 
here,  and  54-oz.  ore  is  still  underfoot.  A  wiuze  30  feet  deep  has  been  sunk  on 
2  feet  of  ore  near  the  end,  and  proves  that  the  ore  at  that  depth  is  widening- 
towards  the  north. 

The  country  on  this  level  is  strongly  graphitic.  Some  trouble  is  now  found 
in  identifying  the  main  fault  on  this  level,  it  having  formerly  been  held 
that  it  passed  within  2  feet  north  of  the  shaft,  but  there  is  reason  for 
believing  that  the  fault  lying  15  feet  north  of  the  shaft  is  the  main  one,  inr 
which  case  the  few  hundred  tons  of  ore  north  of  the  shaft  may  be  on  the  usual 
(the  southern)  side  of  the  fault.  Numerous  lenses  have  been  worked  out 
between  the  200  and  100  feet  levels  on  the  north  side  of  the  shaft.  A  fault 
running  to  the  north-west  from  the  shaft  proved  to  have  several  ore  bodies  on 
the  northenii  side,  one  of  which,  at  50  feet  from  the  shaft,  was  followed,  and 
led  to  the  discovery  of  several  other  lenses. 

Considerable  prospecting  has  been  undertaken  on  this  level  along  the 
fault  north-west  of  the  main  shaft,  in  search  of  Nos.  1  and  4  ore  bodies,  but 
only  formations  were  found,  the  latter  gaeeous.  The  formations  will  be  further 
prospected  by  drives  to  the  south,  as  the  ore  is  generally  not  well  developed 
near  the  main  fault. 

A  main  winze  in  the  central  part  of  the  body  passes  at  240  feet  depth  out 
of  the  No.  3  body  into  another  coming  in  from  the  south  (the  big  body  on  the* 
300-feet  level).  The  latter  is  being  driven  on  to  the  south  at  the  250-feet 
level,  and  is  widening  out  in  that  direction.  The  ore  is  very  fine-grained,  and 
contains  lenses  of  graphitic  slate.  Work  is  also  going  on  in  the  No.  3  body,  on 
the  same  level,  showing  it  to  increase  from  6  feet  on  the  south  to  15  feet  on 
the  north,  of  which,  however,  8  feet  is  zinciferous  (45  per  cent.  zinc).  In  the 
face  is  a  strong  fissure — ^the  main  fault — near  which  ruby  silver  occurs  in  the 
ore,  causing  it  sometimes  to  yield  110  oz.  of  silver  per  ton.  The  deposit  here 
has  good  walls  dipping  east,  that  on  the  western  side  being  strongly 
slickensided. 

The  large  body  of  ore  on  the  300-feet  level  was  struck  50  feet  south  of  the 
main  shaft  by  a  crosscut,  which,  after  passing  through  foliated  carbonaceous 
clay  slate  with  irregularly  folded  liunps  of  calcite,  gradually  entered  highly 
zinciferous  ore,  of  which  there  are  10  feet  still  standing.  The  ''  smelter  ore," 
carrying  30  oz.  silver,  was  then  proved  to  be  30  feet  wide,  but  the  ore  pinched 
out  within  50  feet  to  the  south,  though  the  formation  continues,  and  appears  to- 
be  increasing  in  size ;  the  edge  pitches  south,  an  unusual  thing  in  this  mine.  It 
was  not  worked  northwards  towards  the  fault  because  its  value  decreased.  The 
ore  is  now  being  shot  down  from  the  stopes  above  already  referred  to.  A 
crosscut  was  continued  25  feet  to  the  east,  in  search  of  another  body,  but 
except  water,  lime,  and  ironstains  (promising  signs  here)  nothing  was  found. 

Another  body  of  ore  was  found  by  following  a  fault  about  20  feet  to  the 
north-north-west  of  the  shaft ;  it  contains  ruby  silver,  and  is  the  richest  in  lead 
in  the  mine.  Ore  is  now  being  broken  down  here.  The  same  slickensided 
graphitic  fault  with  foliated  coxmtry  was  followed  to  the  south-east,  but  only 
small  lenses  of  ore  were  foimd.  Driving  is  still  being  carried  on,  the  large- 
quantity  of  chalybeate  water  being  a  most  encouraging  sign. 

Ore  Body  No,  4, — The  No.  4  shaft,  110  feet  north-north-west  of  No.  1 
shaft,  was  simk  after  the  discovery,  in  1896,  of  the  No.  4  ore  body  by  a  drive, 
a  chain  in  length,  along  the  fault  from  No.  1  ore  body.  The  ore,  the  gossan 
portion  of  which  carried  50  oz.  silver  per  ton,  did  not  reach  to  within  35  feet 
of  the  surface.  With  the  exception  of  a  little  sulphide,  the  body  is  now  worked 
out.  The  average  length  of  the  body  was  30  feet,  and  the  width  3^  feet,  but 
on  the  southern  and  eastern  side,  above  the  woter-Iev^,  the  broken  country^ 
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iur  3  feet  from  the  lode  averaged  50  oz.  of  silyer  per  ton,  but  contained  up  to 
:90  oz.  per  ton.  This  argentiferous  country  was  discovered  by  working  away 
auriferous  siliceous  flux  adjacent  to  it;  and  very  often  it  was  impossible  to 
tell,  except  by  assay,  whether  the  material  was  silver-bearing  or  not. 

At  the  30-feet  level  a  strong  *^  pug  "  fault,  striking  north-north-east,  and 
^dipping  1  in  3  to  the  west-north-west,  bounds  the  deposit  on  the  south.  At  the 
south  end  of  the  50-feet  level  2  feet  of  12-oz.  sulphide-bearing  country  has 
been  left  for  the  present.  The  change  from  gossan  took  place  at 
80  feet  depth.  At  the  northern  end  the  face  is  15  feet  wide,  strongly  copper- 
atained  siliceous  gossan  and  sulphide  ore,  with  partly  replax;ed  "  augen  "  (ore) 
slate.  Innumerable  small  irregular  bunches  and  veins  of  ore  pass  into  the 
country  from  this  body.    The  ore  pinched  to  a  small  vein  at  90  feet  depth. 

Intermittent  prospecting  with  a  1-inch  handpower  diamond  drill  is  going 
on  for  the  body  on  the  1 50-feet  level.  The  hole  (now  8  feet  in),  is  being 
put  in  diagonally  from  the  drive  on  the  main  fault,  50  or  60  feet  from  the 
No.  1  body,  to  catch  the  formation  exposed  20  feet  further  along  the  drive,  the 
hope  being  that  ore  may  be  developed  as  usual  at  some  distance  from  the 
main  fault.  This  formation,  which  is  accompanied  by  a  body  1  to  3  feet  thick 
of  sulphide  and  quartz,  bends  roimd,  and  follows  the  fault  for  10  feet  to  the 
north-west.  Beyond  that  the  fault  continues  without  *'  pug,"  mineral,  or 
graphite,  and  with  no  sign  of  other  ore  body.  Lawson's  drive,  only  20  feet 
beyond,  struck  the  fault  in  a  similar  condition,  so  that  this  end  seems  least 
favourable  for  ore  bodies. 

This  body  was  never  highly  zinciferous,  but  was  rich  in  lead  and  silver, 
one  lot  of  1,000  tons  of  ore  yielding  a  total  of  70,000  oz.  of  silver. 

Shaft  No.  5. — The  No.  5  shaft,  known  as  the  Long  Drop,  lies  260  feet 
south-east  by  east  of  No.  1  shaft,  and  is  80  feet  deep.  A  fissure — probably 
parallel  to  the  main  fault  of  the  mine,  and  1^  chains  to  the  north — was  struck, 
but  no  ore  was  found. 

Besides  these  shafts  a  main  mullock  pass,  a  chain  north  of  the  No.  3  shaft, 
connects  the  300-feet  level  with  the  surface. 

Lawson's  Shaft. — This,  the  only  other  shaft  in  the  immediate  vicinity,  is 
just  outside  the  lease,  200  feet  north-north-west  of  No.  1  shaft.  It  is  71  feet 
deep,  with  a  croKscut  20  feet  long  to  the  fault  on  the  north.  No  ore  was  found 
h^re. 

A  small  patch  of  lead  carbonate  ore  occurred  on  the  surface  between 
Nos.  1  and  4  shafts.  It  worked  out  at  30  feet  below  the  surface,  where  it  came 
against  the  main  fault. 

There  are  rumoiu's  of  a  specimen  having  been  found  in  situ  in  the  early 
days  near  where  the  smelters  now  stand,  and  prospecting  may  yet  be  done 
there.  A  little  ore  was  also  found  in  the  north-west  comer  of  M.  L.  54,  but 
cut  out  in  the  trench. 

(A)  Trbatmbnt. 

Tlie  mine  being  situated  on  a  long  slope  above  the  Severn  River  flats,  there 
has  been  no  difficulty  in  arranging  the  surface  plant.  The  ore  raised  is  run  in 
the  trucks  on  an  overhead  tramway  and  tipped  on  to  an  upper  grizzley  (1-inch 
bars  with  2-inch  spaces),  over  a  second  (IJ-inch  by  |-inch  bars  and  1-inch 
spaces).  A  very  small  proportion  of  the  fines  from  the  grizzley  (3  to  6  cwt.  to  a 
charge),  is  sent  to  the  smelter,  a  small  quantity  is  spread  over  the  roast 
heaps,  and  the  greater  part  goes  to  a  spoil  heap,  now  containing  about  1,500 
tons,  to  treat  which  it  is  considered  a  mechanical  roaster  will  be  necessary. 
There  have,  in  fact,  been  rumom^  lately  of  the  company  undertaking  the 
erection  of  a  roaster  for  this  or«. 
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RoaH. — ^The  coarser  and  medium  ore  from  the  grizzley  is  then  trucked 
directlj  along  a  tramline  running  over  roast  heaps,  and  tipped  as  necessary. 
Hiese  roast  heaps  or  kilns  as  they  are  called,  are  built  up  over  2  feet  of 
firewood.  The  coarsest  material  (from  the  upper  grizzley),  is  first  thrown  down 
to  A  depth  of  4  feet,  and  then  the  ore  caught  on  the  second  grizzley  is  tipped 
and  knapped  down  and  spread  out  by  a  gang  of  four  men.  This  is  then  covered 
by  a  thin  layer  of  fines  to  choke  the  draughts  and  prevent  fusion  of  the  ore, 
which  is  extremely  likely  to  occur,  owing  to  the  short  time  available  for  the 
roast.  The  heaps  are  15  yards  long,  5  yards  broad,  and  6  feet  deep,  and 
contain  on  an  average  500  tons  of  ore.  Quite  lately  is  has  been  made  the 
practice  to  roast  the  siliceous  and  basic  ores  separately,  no  extra  cost  being 
entailed,  as  the  ores  generally  occur  in  separate  parts  of  the  deposits.  One 
heap  of  basic  ore,  containing  about  630  tons,  was  burning  during  my  visit; 
another  of  basic  and  one  of  siliceous  ore  had  been  roasted,  and  a  fourth  of 
siliceous  ore  was  being  prepared.  The  total  in  the  heaps  then  amoimted  to 
1,500  tons. 

The  roast  takes  from  two  to  three  months,  the  sulphur  contents  being 
reduced  from  28.5  to  H  per  cent.  Heap-roasting  here  costs  about  2s.  per  ton 
of  ore  (when  employing  foiu*  men  on  the  heaps),  and  to  this  amount  the 
firewood  (obtained  at  10s.  per  cord)  contributes  4Jd.  When  the  roast  is  over 
it  is  often  necessary  to  blast  down  parts  of  the  heap,  owing  to  fusion  having 
taken  place. 

Reverberatory  Furnace. — The  roasted  ore  is  carted  to  the  trucks  and 
trammed  to  the  reverberatory  furnace,  into  which  it  is  charged  from  above. 
The  furnace  has  a  single  hearth,  and  takes  a  total  charge  of  84  cwt.  (of  which 
14  cwt.  is  lime,  with  an  occasional  addition  of  iron  ore).  This  is  put  through  in 
six  or  seven  hours,  making  a  total  of  about  15  tons  a  day.  The  slags  now 
being  produced  contain  only  2  oz.  silver  per  ton,  and  the  manager  is  confident 
that  that  amount  could  be  reduced  by  a  longer  run,  which  would,  however, 
result  in  no  actual  saving. 

An  attempt  has  been  made  to  liquate  from  the  old  chrome  (hearth)  lining, 
when  broken  up,  some  of  the  rich  matte  absorbed  by  it ;  but  after  the  liquation 
it  still  contained  160  oz.  silver,  so  an  attempt  was  made  to  slag  off  the  chromite 
by  the  addition  of  silica.  It  was  found  that  for  the  operation  to  be  a 
commercial  success  it  will  have  to  be  done  in  a  blast  furnace. 

In  the  operation  of  smelting  the  zinc  is  wasted,  but  the  lead,  silver,  gold, 
and  copper  are  saved  to  a  greater  or  less  extent.  A  parcel  of  matte  shipped 
in  September  last  ran  over  1,000  oz.  of  silver  per  ton,  and  the  average  content 
of  gold  is  1  oz.  6  dwt.  per  ton  (though  only  a  few  pennyweights  in  the 
ore),  amounting  to  500  or  600  oz.  a  year.  The  following  averages  of  analyses 
made  by  Mr.  Leon  Meston  during  1900  are  the  latest  available  for  the  whole 
process : — 
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Later  analyses  of  the  ore  (also  by  Mr.  Meston)  show  that  the  calcium  carbonate 
amounts  to  less  than  1  per  cent.,  alumina  to  5  per  cent.,  and  arsenic  a  trace 
only;  also,  that  during  1900,  1901,  and  1902  the  amount  of  silica  gradually 
decreased,  the  iron  decreased  nearly  30  per  cent.,  the  zinc  slightly  increased, 
the  lead  decreased,  and  the  copper  increased  very  slightly.  In  connection 
with  the  above  analyses  it  may  be  of  interest  to  give  the  smelting  returns  for 
the  year  1901.  These  have  been  placed  at  my  disposal  by  Mr.  H.  A.  Stokes, 
who  was  then  general  manager: — 
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£1.457  lOs. 

The  furnace  ran  243  days  in  the  year  on  heap-roasted  sulphide  ore.  The 
**  matte  fall  "  was  3.36  per  cent.,  and  a  concentration  from  29.73  tons  of  ore  was 
made  to  1  ton  of  matte. 

The  total  smelting  costs  for  1901,  including  superintendence,  labour  (nine 
men),  fuel,  flux,  stores,  ore  carting,  freights,  and  bank  and  insurance  charges, 
amounted  to  £1  2s.  lOd.,  the  grand  total  (mining  and  smelting)  per  ton  of 
ore  raised  being  £2  7s.  6d. 

A  new  reverberatory  furnace  is  now  being  erected,  'fhe  diameters  of  the 
hearth  will  be  15  and  30  feet — area  362  square  feet — ^making  it  one  of  the 
largest  copper  furnaces  in  Australia,  its  estimated  capacity  being  25  tons  a 
day.  The  hearth,  which  has  a  fall  of  6  inches  in  the  30  feet,  is  built  of  a 
course  of  firebrick  on  two  courses  of  ordinary  brick,  above  concrete,  supported 
by  three  arches,  through  which  a  current  of  air  will  circulate  for  the  double 
purpose  of  cooling  the  hearth,  and  of  becoming  heated  itself  before  admission 
to  tiiie  furnace.  The  roof  will  be  4  feet  above  the  hearth  at  the  upper  end, 
and  3  feet  6  inches  at  the  lower.  The  fire  grate  will  be  5  feet  in  length.  The 
furnace  will  have  three  side  doors  for  ravelling,  and  a  tap-hole  at  the  lower 
end.  On  the  sides  where  the  matte  touches  will  be  a  lining  of  chrome-brick, 
in  the  making  of  which  a  considerable  amount  of  experimental  work  has  been 
done. 

The  chromite  is  obtained  from  Wyalda,  in  New  South  Wales,  35s.  a  ton 
being  paid  for  it,  delivered  at  Inverell  Railway  Station.  This  involves  a  train 
journey  of  472  miles  to  Stanthorpe  (at,  say,  Id.  per  ton  mile),  and  then  cartage 
over  50  miles  to  the  mine  (at  SOs.  per  ton  of  back  loading,  otherwise  £2  a 
ton).  The  hardest  and  least  friable  brick  thus  far  has  been  obtained  by  the 
ignition  of  a  mixture  of  chromite  and  talc  (?)  obtained  in  the  mine,  but,  as  the 
supply  of  the  latter  mineral  was  soon  exhausted,  recourse  had  to  be  taken  to 
ordinary  clay,  the  best  results  with  which  were  from  a  mixture  of  75  per  cent, 
chromite  and  25  per  cent.  clay. 

Blast  Furnace. — A  small  blast  furnace  was  erected  in  1900,  owing  to  the 
then  high  price  of  lead  (£17  9s.  per  ton)  to  treat  the  old  reverberatory  furnace 
slags,  which  it  has  been  calculated  could  be  made  to  pay  with  the  price  at 
£13  10s.  By  the  time  the  first  shipment  was  ready  the  price  had  fallen  to 
£11,  and  operations  were  then  suspended.  The  slags,  of  which  there  is  an 
accumulation  of  many  thousand  tons,  contain  from  4  to  5  oz.  silver,  11  to 
14  per  cent,  lead  (the  latter  from  the  oxidised  ore),  and  20  per  cent,  zinc; 
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3,721  tons  of  slag,  with  21  tons  of  ore,  were  put  through  during  1901  (163 
working  days),  the^  actual  contents  being  7.7  oz.  silver,  11^  per  cent,  lead, 
14,6  per  cent.  ZnO,  and  34  per  cent.  Si  Oj,  requiring  1,414  tons  of  limestone 
(at  68.  per  ton  delivered),  and  399  tons  of  ironstone  flux  (at  10s.  per  ton, 
delivered  at  works).  As  a  result,  33}  oz.  gold,  28,896  oz.  silver,  S^  tons  copper, 
and  188}  tons  of  lead  were  saved,  at  a  profit  up  till  December,  when  the 
market  fell. 

The  furnace  contained  a  novel  feature  in  its  water-jacket  (Hickson's 
idea),  which  consisted  of  3-inch  iron  pipes  coated  with  clay.  These  pipes  were 
built  up  in  the  form  of  a  rectangular  spiral  for  a  height  of  4  feet  above  the 
crucible,  and  connected  with  a  reservoir  overhead.  The  water  used  at  that 
time  was  very  impure,  and  it  was  found  that  the  lowermost  pipes  soon  became 
coated  internally,  and  in  consequence  were  burnt  through.  Mr.  Hall  proposes 
as  an  amendment  that  the  pipes,  instead  of  being  all  connected  in  a  single 
spiral,  should  be  built  up  as  separate  rings.  A  number  of  taps  to  regulate  the 
flow  of  water  would  then  be  required,  but  time  might  be  saved  in  case  a  pipe 
had  to  be  removed. 

The  brick  shaft  above  the  jacket  is  10  feet  by  5  feet  in  section,  and  8 
feet  high.  This  is  considered  too  low,  and  the  cause,  owing  to  the  small  blast, 
of  the  comparatively  great  loss  of  metal  in  the  slags — ^viz.,  1  to  2  per  cent, 
lead,  16  dwt.  silver,  and  15  to  20  per  cent.  zinc.  The  blower  in  use  was  capable 
of  giving  5,000  cubic  feet  of  air  per  minute  at  a  pressure  of  5  lb.,  but  the 
actual  pressure  used  was  from  6  oz.  down  to  2  oz.  There  were  7  tueyeres  on 
each  side  of  the  furnace. 

Another  unusual  feature  of  the  work  here  was  the  use  of  coal  instead  of 
coke,  it  having  been  proved  to  give  a  cleaner  lead  slag  than  coke,  and  with  a 
consumption  only  4  per  cent,  greater.  The  coal  was  obtained  from  Fraser's 
Creek,  near  Ashford,  in  New  South  Wales,  30  miles  distant  from  the  Spur,  a 
lease  being  held  by  the  Silver  Spur  Company.-  The  cartage  to  the  smelters 
amounted  to  25s.  per  ton.  The  ash  varies  from  6  to  20  per  cent.,  and  the 
carbon  averages  62  to  63  per  cent.,  though  it  runs  up  to  70  per  cent.  The 
following  section  is  shown  on  the  company's  plan : — 

Hard  ooal  (hangiDg-wall),  worked  for  smelter 

Friable  ooal  (white  ash),  for  smithy 

HarQ  ooal  ...        ...        ... 

Shale,  with  ooal  bands 

JL&JUTU  v(MU  •••  ■#•  •••  •«•  •••  ••• 

Coal 

"wUflhaO  «■•  •••  •••  «•«  «••  ■•■ 

The  seams  dip  1  in  2  horizontal,  and  have  been  worked  to  52  feet  depth. 

Coal  occurs  also  at  Bonshaw,  nearer  Silver  Spur,  but,  like  the  country,  it  is 
crushed  and  contorted,  and  contains  much  pyrite. 

Pyritic  Smelter, — Before  opening  out  on  the  300-feet  level  it  was  expected 
that  the  ore  there  would  be  much  poorer  in  silver,  and  presumably  in  zinc 
also,  than  that  above.  A  modem  pyritic  blast  furnace  was  therefore  installed, 
but  before  arrangements  were  quite  complete  for  making  a  start,  it  was  found 
that  very  little  decrease  had  taken  place  in  the  value  of  the  ore,  the  contents 
now  being  nearly  30  oz.  silver,  12  per  cent,  lead,  and  25  per  cent.  zinc.  It  was 
then  decided  not  to  employ  the  blast  furnace,  the  reason  given  being  that 
one-third  of  the  silver  would  be  lost  by  volatilisation  with  the  lead  fumes,  owing 
to  the  carbonaceous  fuel,  but  the  large  amount  of  zinc  in  the  ore  must  have 
been  a  controlling  factor. 


Ft  In. 

9 

0 

9 

0 

9 

6 

8 

0 

6 

6 

1  10 

6 

0 

86 

The  fumacd  included  mauy  of  the  lastest  improTements,  some  of  which 
Were  looked  upon  as  experimental,  and  its  estimated  capacity  is  from  125  to 
170  tons  a  day.  It  is  circular  in  section.  The  crucible  is  lined  for  2  feet  from 
the  base  with  chrome  brick,  above  which  is  2  feet  of  a  hollow  air-cooled 
casting,  and  then  2  feet  6  inches  water-jacket,  surmounted  by  a  brickwork 
shaft  5  feet  in  height.  The  firebrick-lined  tueyeres  (Austin's  patent),  were 
designed  to  act  like  blow-pipes,  producer  gas  (formed  in  a  patent  generator 
consuming  wood),  being  mixed  with  the  blast  air  at  the  moment  of  admission 
to  the  furnace.  The  reducing  fusion  and  most  intense  action  were  thus 
concentrated  at  the  mouths  of  the  tueyeres. 

Another  special  contrivance  is  the  feeding  apparatus,  also  designed  by 
Austin,  to  obviate  premature  fusion  of  the  charge  at  the  mouth  of  the  furnace. 
By  it  the  flux  is  charged  at  the  circumference  of  the  furnace,  and  the  ore  in 
the  centre;  the  centre  is  practically  gastight,  owing  to  the  fusion  of  the  ore. 
Fumes  and  gases  were  to  be  taken  off  below  the  charging  floor,  and  conducted 
to  a  settling  flue,  1  ^  chains  long  and  6  feet  across,  before  passing  to  the  stack. 

Fuel  and  Flu  res. — The  immediate  vicinity  of  the  mine  is  now  stripped  of 
timber,  and  the  getters  have  sometimes  to  go  several  miles  for  the  necessary 
material. 

The  lime  for  flux  and  building  purposes  is  obtained  from  two  localities,  the 
one  4  miles  east,  the  other  6  miles  north,  of  the  mine.  At  the  latter  place 
ironstone  also  occurs,  and  there  is  good  timber  in  the  same  direction,  but  a 
stiff  climb  of  400  feet  from  the  mine  on  to  the  tableland  2  miles  distant, 
rather  handicaps  the  locality. 

On  Hughes'  selection,  4  miles  east  of  Silver  Spur,  are  two  main  lime- 
stone outcrops.  The  southern  has  a  width  of  about  a  chain,  and  a  length  of 
2  chains,  striking  a  little  east  of  north.  The  rock  has  a  bluish  colour,  and  is 
marked  with  white  veinlets;  it  assays  94  per  cent,  calcium  carbonate.  No 
mining  or  quarrying  has  yet  been  done,  the  surface  blocks  having  been  simply 
broken  up  and  carted  away.  Two  other  smaller  outcrops  occur  on  the  same 
line,  within  5  chains  to  the  south,  where  the  country  rock  is  slate,  quartzite, 
and  jasperoid.  The  limestone  forms  lenticular  masses,  and  has  no  sign  of 
fossil  remains.  At  the  northern  occurrence  half  a  mile  distant  the  blocks 
outcrop  on  a  flat,  and  are  therefore  less  easy  to  load  than  at  the  southern 
locality.  The  company  pays  2s.  6d.  per  ton  for  breaking  the  stone  and  carting 
it  in  to  the  mine. 

The  limestone  area,  6  miles  north  of  the  Spur,  is  at  least  a  mile  in 
diameter,  the  rock  outcropping  at  intervals  over  a  wide  flat,  now  covered  with 
a  dense  growth  of  weeds,  rendering  it  impossible  to  determine  the  exact 
extent.     The  area  includes  slates  and  ironstones. 

The  main  ironstone  outcrop  is  6^  miles  north  of  the  Mine.  It  consists  of 
three  lenticular  masses,  separated  by  a  few  feet :  the  central  is  1  chain  long 
and  10  feet  wide,  that  on  the  east  is  6  feet  long  and  2  feet  wide,  that  on  the 
west  6  feet  long  and  3  feet  wide.  Their  strike  is  north-west.  The  central 
outcrop  stood  6  feet  above  the  ground,  but  several  hundred  tons  have  been 
removed  from  it  for  flux.  The  greater  part  of  the  ore  is  brown  limonite,  but 
crystalline  magnetite  is  also  sometimes  found ;  parts  of  it  are  full  of  grains  of 
quartz,  particularly  on  the  eastern  side,  where  it  has  a  brecciated  structure. 

Calcareous  sinter  occurs  between  the  eastern  and  central  outcrops,  but  the 
country  rock  cannot  be  seen  because  of  abimdant  red  soil  and  thick  vegetation. 
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A  shaft  has  been  Bunk  10  yards  south-west  of  the  deposit,  and  passes 
through  dickensided  clay  slates  to  a  depth  of  50  feet.  It  was  sunk  in  order  to 
prospect  the  lode  for  copper,  because  of  a  few  stains  on  the  surface,  a  crosscut 
beiug  carried  from  the  bottom  to  the  lode,  but  a  large  amount  of  water  coming 
in  the  shaft  had  to  be  abandoned.  Sinking  on  the  ore,  though  more  expensive, 
"^ould  have  given  some  knowledge  of  the  deposit.  It  is  very  unlikely  that  any 
quantity,  more  than  a  unit  or  two  per  cent.,  will  be  found  here.  The  following 
is  an  analysis  by  Mr.  Leon  Meston  from  a  12-ton  lot: — 

85-22-».e.,  Fe  =  59*66 
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The  ore  cost  IDs.  per  ton,  delivered  at  the  works  (f.«.,  8s.  breaking  and  carting, 
and  28.  explosives). 

In  conclusion,  I  should  remark  that  I  am  indebted  to  Mr.  E.  Hall,  the 
present  manager  of  the  mine,  for  much  of  the  above  information,  but  I  am 
under  still  greater  obligation  to  Mr.  H.  G.  Stokes,  the  former  manager.  It  was 
understood  from  Mr.  Hall  that  the  workings  have  not  yet  been  surveyed  and 
planned.  Until  the  survey  has  been  made  no  certain  geological  work  can  be 
done  in  the  mine. 

II.— TEXAS  COPPER  MINE. 

Texas  Copper  Mine  lies  2^  miles  west  of  Silver  Spur,  and  was  abandoned 
in  1894,  so  that  the  surface  only  can  now  be  inspected.  The  country  rock  is 
siliceous  clay  slate. 

A  siliceous  gossan  outcrop  containing  a  little  copper  was  first  worked. 
At  60  feet  depth  the  copper  ore  cut  out  and  work  was  stopped.  A  vertical 
shaft  was  then  sunk  on  a  fissure  to  the  north,  and  several  isolated  patches  of 
copper  ore  were  found,  but  nothing  further  was  done  on  the  main  line. 


ni—SILVER  KING  SILVER-LEAD  MINE. 

Silver  King  Silver-Lead  Mine  lies  2  miles  north-north-west  of  Silver  Spur, 
and  was  opened  in  1893.  The  country  rock  is  ^*  knoten  "  schistose  slate,  with 
lenses  of  limestone.  The  outcrop  of  carbonates  of  lead  and  copper  in  gossan 
was  30  feet  long  and  up  to  5  feet  wide,  the  ore  having  partly  replaced  a  zone 
of  country  rock.  There  were  no  defining  walls,  and  the  ore  gradually 
disappeared  at  about  30  feet  depth.  Ore  amounting  to  30  or  40  tons  was 
raised  and  yielded  50  oz.  silver  per  ton,  and  5  per  cent.  lead. 


IV.— SILVER  CROWN  SILVER-COPPER  MINE. 

This  abandoned  mine  lies  4  miles  east  of  Silver  Spur.  Small  pookets  of 
cupriferous  gossan  in  clay  schists,  dipping  80  degrees  to  south-south-east,  were 
found  near  the  smrface,  but  galena  and  copper  pyrite  appeared  at  50  feet 
depth.  The  ore  assayed  from  5  to  40  oz.  of  silver  per  ton,  and  14  per  cent,  of 
copper. 

9th  March.  1904. 
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A.— /fjojoendfx. 

The  following  additional  notes  on  the  condition  of  mining  at  Stanthorpe 
were  made  during  a  short  Tisit  at  the  end  of  May,  1904. 

GROUNDSLUIOING,  SEVERN  RIVER. 

Mr.  Baker,  who  at  the  time  of  my  last  visit  was  preparing  to  work  two 
claims  on  the  bank  of  the  Severn  River,  below  Ballandean,  has  informed  me 
that  before  operations  had  been  going  on  long  enough  to  prove  the  ground  the 
lease  expired,  and  as  an  extension  could  not  be  obtained  the  claims  were 
thrown  idle.    It  is  understood  that  only  a  small  quantity  of  tinstone  was  saved. 

STANTHORPE  PROPRIETARY  TIN  DREDGING  COMPANY. 
The  following  returns  are  from  the  Warden  at  Stanthorpe : — 

January  to  April  (inclusive)  1904      ...         ...     6^  tons  tinstone. 

Mr.  Martyu  informed  me  that  six  weeks  were  lost  during  the  quarter,  so 
that  the  average  output  of  the  dredger  per  working  week  was  13  cwt.  One 
shift  only  was  working  during  that  time,  but  in  future  three  will  be  kept 
going. 

As  the  result  of  this  measure  of  success  it  was  decided  to  carry  out  certain 
alterations,  and  for  that  reason  the  dredger  has  been  laid  up  since  Easter.  It 
is  expected  that  work  will  not  be  commenced  again  before  the  middle  of  June. 

Among  the  improvements  now  being  carried  out  on  the  dredger  is  the 
dropping  of  the  top  works  (tables,  launders,  dec.)  two  feet,  allowing  the  drop- 
shoot  to  be  carried  further  under  the  buckets  for  the  purpose  of  catdiing  sticky 
material  not  thrown  out  immediately  the  bucket  passes  the  top  tumbler.  This 
will  also  allow  more  room  on  the  grizzley,  where  '^  Martyn's  automatic  hoes  '^ 
are  to  be  employed.  The  "  hoes ''  consist  of  half-inch  iron  plate,  hung  from 
endless  chain-link  belts,  and  travelling  along  the  bars  in  the  same  direction  as 
the  '^  wash,"  but  at  a  greater  speed  (150  feet  a  minute),  the  object  of  this 
addition  being  to  break  up  the  clayey  material  and  force  it  between  the  bars  of 
the  grizzley. 

Another  alteration  is  in  the  sluice-boxes.  Four  only  will  be  kept  on  each 
side,  and  these  have  been  lengthened  to  15  feet,  with  ten  feet  between  centres 
of  the  rake  shafts. 

During  the  last  few  months  two  dams  have  been  constructed  on  Quart-pot 
Creek,  one  about  half  a  mile  above  and  the  other  one  and  a-half  mile  above  the 
dredger.  A  third,  half  a  mile  above  the  last,  is  now  under  construction,  and  it 
is  expected  that  the  three  will  hold  7,000,000  gallons  of  water,  sufficient  to 
supply  the  dredger  for  four  months.  Before  the  construction  of  these  dams 
water  had  to  be  obtained  by  pumping  from  waterholes  in  Quart-pot  Creek  into 
the  Chinaman's  race,  and  the  difficulty  in  obtaining  water  is  held  to  have  been 
the  cause  of  the  smallness  of  the  above  output. 

It  should  have  been  mentioned  that  Mr.  Martyn,  who  is  now  managing 
the  dredger,  held  it  on  tribute  from  the  company  till  Christmas  last^  and  it 
was  due  to  his  foresight  in  keeping  on  till  this  year,  when  stanniferous  ground 
was  entered,  that  the  dredger  was  not  dismantled. 
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BROADWATER  PROPRIETARY  TIN  DREDGING  COMPANY. 

Two  of  the  dams  on  this  company's  leases  have  been  repaired  since 
Christmas,  and  the  dredger  has  been  refloated. 

Mr.  Martyn  has  found  that  the  overburden  and  tailings  are  practically 
ralueless  (contrast  with  the  Brisbane  Claim,  where  two-thirds  of  the  tinstone 
is  in  the  overburden),  and  they  will  therefore  be  raised  and  deposited  without 
being  passed  over  the  tables.  The  '*  wash  "  will  then  be  raUed,  and  it  is 
eipected  that  two  tables  will  be  able  to  cope  with  it.  The  material  resembling 
that  at  Wylie  Creek,  the  arrangement  of  the  plant  will  be  similar  to  tbat 
in  operation  there,  but  the  boxes  will  be  longer,  and  wOl  be  provided  with 
mechanical  rakes  as  on  the  Stanthorpe  Proprietary  dredger. 

PROSPECTING  ON  FOUR-MILE  CREEK. 

Prospecting  operations  have  now  been  completed, 'and  though  no  word  has 
been  received  from  the  principals  (Messrs.  Gibbs,  Bright,  and  Company),  there 
seems  to  be  every  probability  of  the  scheme  outlined  above  being  carried  out. 
It  may  be  mentioned  that  ground  carrying  one  and  a-half  pounds  tinstone  to 
the  cubic  yard  is  the  poorest  that  will  be  worked. 

• 

SILVER  QUEEN  SILVER  MINE. 

This  mine  has  now  been  taken  up  by  the  Messrs.  Baker  Brothers,  who 
have  pumped  out  the  main  shaft  to  the  100-feet  level. 

Sixty  tons  of  the  ore  at  grass  have  just  been  sent  to  Aldershot  for  a  trial 
concentration  by  Wilfiey  table.  Mr.  Baker's  own  assays  of  the  ore  on  the 
surface,  after  concentrating  three  to  one,  average: — 

Lead  40  per  cent. 

Copper       ...         ...  6        „ 

Silver         64  oe.  per  ton. 

This  is  considerably  higher  than  the  return  from  my  rough  surface 
sample  from  the  same  ore  heaps,  and  if  correct,  with  lead  at  £11  10s.  per  ton, 
copper  at  £56  10s.  per  ton,  and  silver  at  2s.  Id.  per  oz.,  the  gross  value  of  the 
concentrates  would  be  £14  13s.  l^d.  per  ton.  Were  the  reduction  company  to 
pay  for  both  lead  and  copper,  which  is  not  very  likely,  the  smelting  charges 
vould  reduce  this  amount  by  at  least  one-half  (vide  tariffs),  unless  special 
arrangements  could  be  made. 

Mr.  Baker  believes  the  ore  can  be  mined  at  6s.  per  ton,  and  crushed  and 
ji(?ped  for  7s.  a  ton,  and  he  puts  freight  and  cartage  of  the  concentrates  to 
Aldershot  at  £1  15s.  In  my  opinion  mining  costs  would  be  at  least  12s.  per 
ton,  making  the  total  cost  of  a  ton  of  concentrates,  delivered  at  Aldershot, 
£4  128. 

In  case  no  arrangements  can  be  made  with  the  smelters,  it  might  be 
possible  to  save  all  the  metals  and  receive  full  value  by  first  extracting  the 
copper  by  a  wet  process  (for  which  the  ore  seems  to  be  specially  adapted)  and 
then  the  lead  and  silver  from  the  residue  by  smelting. 

2nd  June,  1904. 


By  Anthority :  GiOBei  Abthtr  VaxroHAir,  GK>vernmenfc  Printer,  Briabane, 
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LETTER    OF   TRANSMITTAL. 


30Ui  Marcli,  1904. 
Sis, — I  have  the  honour  to  forward  herewith  for  publication  a  report  bj 
Mr.  Cameron,  Assistant  GrOTemment  Geologist,  on  the  Herberton  Tin  Field.  The 
report  tarettts  on  the  geology  of  the  ore  deposits,  and  descriptions  are  given  of  as  many 
of  the  mines  as  could  be  examined  at  the  time.  Some  historical  and  statistical 
information  concerning  the  field  is  also  included. 

I  have,  &c,, 

B.  DUNSTAN, 

Acting  GoTemment  Geologist. 
The  Under  Secretary  for  Mines, 

Department  of  Mines,  Brisbane. 
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REPORT  ON  THE  HERBERTON  TIN  FIELD. 


L— INTRODUCTORY  AND  TOPOGRAPHICAL. 

The  Herberton  Tin  Field  lies  among  Hie  hilly  country  to  the  west  of  the 
Herberton  range,  at  the  heads  of  the  Herbert,  Walsh,  and  Tate  Rivers,  the 
centre  of  the  district  being  about  50  miles  south-west  of  the  port  of  Cairns.  It 
is  approached  from  that  port  by  the  railway  line  to  Chillagoe,  which  crosses  the 
north-west  comer  of  the  field,  and  from  which  three  branch  lines  strike  in 
southerly  directions  to  different  portions  of  it. 

The  railway  line  from  Cairns  ascends  the  valley  of  the  Barron  River,  as  far 
^  Mareeba,  46  miles  from  Cairns  and  1,300  feet  above  it  on  the  coastal  plateau 
to  tlie  east  of  the  ranges.  It  then  leaves  that  valley,  and,  continuing  south- 
westerly, crosses  the  divide  on  to  the  waters  of  the  Walsh  River,  which  flows 
westerly  into  the  Gulf  of  Carpentaria. 

The  first  branch  line  breaks  off  at  Mareeba,  and  continues  up  the  valley  of 
the  Barron  as  far  as  Atherton,  near  the  foot  of  the  main  range.  The  eastern 
portion  of  the  tinfield  is  connected  with  this  terminus  at  Atherton  by  a  good 
road  over  the  range  to  Herberton,  which  is  situated  12  miles  off  on  the 
head-waters  of  the  Upper  Herbert  or  Wild  River,  at  a  height  of  2,900  feet 
above  the  sea. 

The  second  branch  line  approaching  the  tinfield  is  the  privately  owned 
tramline  of  the  Stannary  Hills  Company.  It  leaves  the  Chillagoe  line  at 
Boonmoo,  81  miles  from  Cairns,  and  ascends  the  valley  of  Eureka  Creek,  one 
of  the  heads  of  the  Walsh  River,  for  14  miles.  This  line  connects  the  mines 
belonging  to  the  Stannary  Hills  Company  with  the  main  line,  and  taps  generally 
the  traffic  of  the  central  portion  of  the  field,  including  the  treatment  works 
and  mines  of  the  important  mining  centre  of  Irvinebank. 

The  third  branch  line  is  the  privately-owned  railway  line  of  the  Mount 
Samet  Railway  and  Mines  Company.  It  leaves  the  main  line  at  Lappa,  near  the 
north-western  comer  of  the  field,  102  miles  from  Cairns,  and,  passing  across  the 
heads  of  the  Tate  River,  gives  communication  with  the  western  and  southern 
portions  of  the  field. 

The  continuation  of  the  main  line  from  Mareeba  to  Chillagoe,  and  the 
construction  of  these  three  branches  towards  the  tinfield,  have  all  been  com- 
pleted within  the  last  three  years.  This  rapid  construction  was  the  outcome 
of  a  sudden  increase  in  the  prices  of  tin  and  copper,  and  a  consequent  attempt 
to  place  the  mining  for  these  metals  on  a  more  permanent  and  scientific  footing. 
Its  effect  has  been  to  enormously  facilitate  communication  from  the  coast  to  the 
iield,  with  a  consequent  reduction  in  the  expenses  of  mining  and  prospecting. 

The  tin  mines  are  scattered  over  an  area  of  some  12,000  square  miles. 
This  country  is  amongst  the  most  mountainous  in  Queensland,  ranging  from 
2,000  to  4,000  feet  above  the  sea.  It  is  traversed  from  south-west  to  north- 
east by  the  main  dividing  range  of  the  State,  which  forms  the  parting  between 
the  head-waters  of  the  rivers  flowing  to  the  east  coast,  and  those  flowing 
west  to  the  Gulf  of  Carpentaria.     This  range  of  hills  rises  to  its  highest 
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altitudes  in  Mount  Stewart's  Head,  on  the  eastern  edge  of  the  field,  near 
Herberton,  this  mountain,  according  to  S.  B.  J.  Skertchly  being  4,400  feet* 
above  the  sea. 

North-east  of  Herberton  the  range  bifurcates.  One  spur  goes  northerly  as 
a  continuation  of  the  main  divide,  parting  the  head-waters  of  the  Walsh  from, 
those  of  the  Barron.  Its  altitude  gradually  lessens  till,  at  a  point  about  18 
miles  north  of  Herberton,  where  it  is  crossed  by  the  Cairns  to  Chillagoe  Railway 
line,  it  is  no  longer  recognisable  as  a  range,- but  foniis  an  almost  level  plain 
at  a  height  of  about  1,700  feet,  with  the  waters  of  the  Barron  flowing  to  one 
side  and  those  of  the  Walsh  to  the  other. 

The  second  spur  runs  south-easterly  in  an  opposite  direction,  hemming 
in  the  head-waters  of  the  Herbert  River.  The  two  spurs  form  a  rampart  parallel 
with  the  coast,  and  at  a  distance  of  some  30  miles  from  it,  presenting  an 
abrupt  face  towards  it  for  some  60  miles  in  length,  and  cutting  off  the  tinfield 
from  easy  communication  with  it.  At  the  foot  and  up  the  sides  of 
this  range  extends  a  belt  of  basalt  country,  thickly  covered  with  scrub, 
which  has  greatly  added  to  the  difficulties  of  surmounting  the  range. 
Till  within  recent  years  the  whole  of  the  traffic  passed  through  the  northern 
end  of  this  scrub  from  the  tenninus  of  the  railway  line  at  Mareeba,  by 
Atherton,  and  over  the  range  by  a  steep  ascent  to  the  head-waters  of  the  Wild 
River  at  Herberton.  Of  recent  years  the  construction  of  the  Chillagoe 
Railway  line  and  its  branches  has  drawn  off  a  considerable  amount  of  the 
traffic  in  a  northerly  direction. 

The  tin  mines  lie  scattered  in  groups  down  both  sides  of  the  main  divide, 
the  greater  number  being  within  a  radius  of  some  50  miles  from  a  central 
point.  The  rugged  nature  of  the  greater  portion  of  this  district,  and  the 
consequent  high  cost  of  haulage  of  ores  and  machinery,  has  added  greatly  to 
the  expenses  of  development  of  the  mines.  With  the  extension  of  railway  and 
tramway  communication,  the  latter  of  these  two  factors  has  been  considerably 
reduced,  but  the  haulage  of  ores  from  the  numerous  mines  scattered  about  the 
hillsides  to  places  convenient  for  treatment,  is"  still  a  very  heavy  item  in 
mining  costs,  and  one  to  which  the  greatest  attention  must  be  paid  in  any 
scheme  of  profitable  development. 

XL— GEOLOGY  OF  THE  ORE  DEPOSITS. 

The  oldest  rock  formation  of  the  Heberton  Tin  Field  is  a  series  of  alter- 
nating coarse  and  fine  sedimentary  beds.  They  have  been  folded  and  faulted 
by  pressures  acting  from  east  and  west,  and  are  now  generally  found  lying  at 
high  angles  of  inclination,  their  irregular  and  broken  lines  of  strike  running 
in  northerly  to  north-westerly  directions.  These  rocks  have  been  altered  by  long 
ages  of  pressure  and  chemical  change,  till  their  coarser  beds  have  been 
metamorphosed  into  quartzites  and  greywackes,  and  their  finer  beds  into  slates 
and  schists.  Subsequent  denudation  has  removed  them  over  the  greater  portion 
of  the  tin-bearing  area,  and  has  thus  exposed  the  underlying  granite  rocks  over 
the  greater  part  of  the  district. 

The  sedimentary  rocks  cover  a  large  area  in  the  centre  of  the  district  south 
from  Irvinebank,  and  occur  also  in  smaller  areas  near  Watsonville, 
Stannary  Hills,  Koorboora,  and  California  Creek.  Their  boimdaries 
are  only  roughly  defined  on  the  map,  the  time  at  the  disposal  of  the 
writer,  the  scanty  nature  of  the  topography,  and  unsurveyed  character  of  the 
greater  portion  of  the  district  not  having  allowed  of  their    being   accurately 
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mapped.  A  great  number,  perhaps  the  greater  number  of  the  more  important 
lodes,  are  associated  with  these  rocks,  occurring  generally  in  the  coarser 
grevwackes  and  quartzites. 

The  plutonic  rocks  consist  mainly  of  holo-cry stall ine  types  of  biotite  or 
hornblende  granite.  There  are,  however,  large  areas  of  euritic  types,  such  as 
granite  porphyry,  and  quartz  felsite.  Lodes  of  tin  occur  in  both.  Dykes  of 
elvan  intrude  both  the  plutonic  and  altered  sedimentary  rocks. 

The  tin  lodes  are  for  the  most  part  very  irregular  in  their  manner  of 
occurrence.  The  deposits  of  ore  seldom  lie  along  a  well-defined  course  between 
walls  of  country  rock,  but  are,  as  a  rule,  distributed  through  it  in  an  irregular 
manner,  forming  bodies  of  very  varied  size  and  shape.  The  lode  material  is 
only  in  exceptional  cases  separated  by  well-marked  planes  of  division  from  the 
enclosing  country.  As  a  rule  it  merges  into  it  with  a  gradual  change  from  lode 
material  to  barren  rock.  Tlie  lode  material  is  in  almost  all  cases  evidently  a 
product  of  the  alteration  of  the  countiy  rock  by  the  action  of  mineralising 
agents,  which  have  changed  its  constitution  by  chemical  action,  and  have  at 
the  same  time  deposited  tin  and  other  minerals  within  its  interstices. 

In  the  case  of  the  granitic  rocks  the  alteration  to  lode  material  takes  many 
fonns,  giving  a  variety  of  ores  of  widely  differing  appearances.  The  alteration 
varies,  however,  more  in  degree  than  in  general  character,  and  can,  as  a  rule, 
be  readily  understood.  The  felspar  and  other  silicates  may  be  changed  to 
serpentine  or  chlorite,  or  may  be  completely  replaced  by  silica.  In  other  cases 
the  products  of  alteration  are  sericite  and  silica.  In  some  cases  very  little 
alteration  is  noticeable  to  the  eye,  the  tin  occurring  in  grains  through  the 
apparently  unaltered  granite  or  porphyry.  The  results  are  ores  varying 
through  every  degree  of  alteration,  from  the  normal  granite  rock,  splashed 
through  with  grains  of  tin,  to  purely  silicious  tin-bearing  material. 

In  the  sedimertary  rocks  the  lode  material  varies  from  an  almost  unaltered 
quartzite,  showing  under  the  microscope  crystals  of  tin  in  the  interstices 
between  its  grains,  to  a  massive  green  chlorite,  which  weathers  on  the  surface 
to  a  rusty-red  kaolinic  material.  A  normal  sample  of  "  chlorite  ore  "  from 
the  500-feet  level  in  the  Vulcan  Mine,  showed  under  the  microscope  a  mass  of 
grains  of  quartz  and  felted  patches  of  chlorite,  splashed  through  with  crystalline 
grains  of  tin  and  magnetite.  In  the  alteration  of  these  greywacke  and  quartzite 
rocks  also,  the  silicate  minerals  have  evidently  been  first  attacked,  and  changed 
into  chlorite  by  the  mineralising  solutions. 

The  fluoric  minerals — topaz,  fluorspar,  and  tourmaline — generally  found 
associated  with  tin  deposits,  are  of  very  usual  occurrence,  both  in  the  lodes 
in  the  granite,  and  those  in  the  sedimentary  rocks,  while  *the  metallic  minerals — 
wolfram,  bismuthine,  antimonite,  galena,  chalcoprite,  and  magnetite — ^are 
frequent  accompaniments,  often  in  sufficient  qimntities  to  be  a  source  of 
considerable  trouble  in  the  treatment  of  the  ore. 

Mr.  Jack,  in  his  report  on  the  mines  near  Herberton  and  Watsonville,*  thus 
discusses  the  manner  of  formation  of  the  ore  bodies : — 

One  fact  unnoticed  and  nnvnspected  wh^n  I  wrote  my  first  report  comes  out  clearly  and 
nnmistakably  from  a  detailed  examination  of  the  field,  now  that  somethioRr  more  than  the  mere 
rarface  is  aooesaible  t<i  obaervation.  That  fact  is  the  intimate  connection  of  the  tin  deposits  with 
metamorphosed  igneons  dykes.  Such  dykes,  emanating  from  a  deep-seated  reservoir  of  molten 
matter,  forced  their  way  under  pressure  into  fissures  in  the  polid  porphyry  rock  and 
coDsolidAted  as  basic  igneous  rocks.  The  basic  rocks  of  the  dykes  seem  to  have  undergone  a 
gndual  process  of  metamorphism.  The  dykes  now  consist  mainly  of  quartzose  chlorite  and 
occasionally  of  qnartzove  serpentine.  It  may  be  inferred  that  they  were  originally  consolidated 
M  quartz  diorites  or  as  rocks  more  or  less  of  the  basaltic  type.  The  tin  occurs  in  floorp,  veins,  or 
pipes  among  the  joint-planes  of  the  dykes. 

*  Opus  eit.,  page  30. 
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It  is  quite  possible  that  the  tin  m%j  have  come  up  in  the  first  instance  molten  with  the 
molten  mineral  matter  of  the  dyke.  In  that  case  it  is  probable  that  it  was  afterwards  disKolved 
and  redeposited  in  the  open  joint-planes  of  the  dyke.  A  further  separation  and  redistribution 
may  have  taken  place  simultaneously  with  the  chemical  or  electric  action  which  resultiKl  in  the 
metamorphism  of  the  dykes. 

On  the  other  hand,  the  tin  may  have  first  come  up  in  solution,  after  the  consolidation  of  the 
dykes,  along  the  walls  of  the  latter  and  among  the  fissures  and  joint-planes  by  which  they  were 
traversed,  and  been  deposited  there.  A  re-solution  of  the  tin  ore  would  probably  take  place  on 
the  metamorphism  of  the  dykee ;  and  as  the  metamorphosed  dykes  had  probably  a  new  joint- 
system  developed  in  them,  a  further  concentration  of  the  ore  may  have  taken  place. 

In  any  case  there  is  nothing  to  favour  the  supposition  that  waters  containing  tin  in  solution 
and  oireulaUng  through  the  upper  portion  of  the  earth's  cra»t  failed  to  deposit  tin  ore  in  the 
porphyry,  but  deposited  it  immediately  on  meeting  with  the  metamorphosed  dykes.  On  the 
other  hand,  there  are  good  grounds  for  supposing  that  the  tin  was  carried  up,  either  with  the 
dykes  in  a  molten  condition  or  was  carried  up  in  solution  by  mineral  waters  along  the  lines  of  the 
dyker.  In  either  case  the  permeation  of  the  adjacent  porphyry  by  the  mineral  wafers  may 
explain  the  occasional  oocurrenoe  of  tin  ore  in  the  ''country  rook."  In  either  case,  a<«  the  dykee 
have  originated  in  a  deep-seated  mass  of  molten  matter,  they  may  be  expected  to  carry  the  tin 
tire  to  greater  depths  than  are  ever  likely  to  be  reached  by  mining.  The  metamorphosed  dykes 
are  traversed  by  a  series  of  dykes  of  quartz  porphyry,  strictly  analogous  to  the  el  vane  of 
Cornwall.  They  do  not,  however,  appear  to  be  in  this  field  prolific  sources  of  ore.  Indeed,  the 
Three  Star  and  Herberton  Ironclad  el  vans  are  almost  the  only  known  oases  of  stanniferous  el  van. 
It  appears,  however,  from  the  cases  of  the  Erin-go-Bragh  and  Southern  Croes  that  the  el  vans 
have  occasionally  served  to  reopen  the  basic  dykes  and  permit  of  a  further  local  de|x*sition  of 
tin  ore. 

In  the  light  of  more  extended  developments  of  the  lodes  of  this  district, 
and  of  the  now  almost  universally  accepted  theory — -first  enunciated  by  Daubree 
and  subsequently  developed  by  other  French  investigators — ^as  to  the  method  of 
introduction  of  tin  into  lodes,  I  do  not  think  that  Mr.  JTack's  theory  of  their 
intimate  connection  with  altered  basic  dykes  can  be  accepted  as  an  explanation 
of  the  cause  of  their  formation.  An  examination  of  the  geological  conditions 
obtaining  in  the  Great  Northern,  Vulcan,  Great  Southern,  Alhambra,  Smith's 
Creek,  Ivanhoe,  Extended,  and  many  other  lodes,  shows  no  such  connection. 
The  chloritic  and  serpentinous  gaugue  materials  of  each  of  these  lodes  can,  I 
am  of  opinion,  only  be  explained  as  the  result  of  the  alteration  in  situ  of  the 
country  in  which  they  occur,  by  the  action  of  mineralising  vapours  and 
solutions.  Genetically  there  seems  little  doubt  that  the  lodes  owe  their  presence 
to  the  intrusion  and  solidification' of  the  granite  mass  in  and  around  which  they 
occur,  their  metallic  contents  having  been  extracted  from  the  molten  granitic 
magma  in  the  fonn  of  gaseous  sulphides,  fluorides,  and  borides,  as  the  mass 
solidified  downwards  and  became  creviced  and  cracked  on  its  outer  surface. 
The  fracturing  of  the  overlying  sedimentary  rocks,  near  their  contact  with  the 
heated  granite,  would  allow  of  the  permeation  into  them  also  of  these  metal- 
bearing  vapours.  The  subsequent  precipitation  of  their  metallic  contents,  with 
an  accompanying  change  of  the  wall  rocks  of  the  fissures,  would  be  brought 
about  on  their  meeting  with  the  cooler  streams  of  the  meteoric  waters 
descending  from  the  upper  portions  of  the  earth's  crust. 

If  this  theory  of  the  mode  of  formation  can  be  accepted  for  the  tin  deposits 
of  this  district,  the  cooling  rocks  on  either  side  of  the  outer  edge  of  the  granite 
mass  at  the  time  of  its  intrusion  would  thus  be  the  chief  seat  of  tin  deposition. 
The  prevalence  of  the  tin  lodes  on  both  sides  of  the  contacts  of  granite 
with  the  overlying  sedimentary  rocks,  as  is  seen  by  a  glance  at  the 
accompanying  map,  lends  colour  to  the  applicability  of  this  theory  as  to  their 
origin  in  the  district  under  review.  The  dissemination  of  the  tin  in  crystalline 
grains  through  these  altered  zones  of  rook,  and  often  through  rock  which  shows 
little  sign  of  alteration,  can  more  readily  be  understood  on  the  hypothesis  that 
it  was  introduced  in  a  form  so  capable  of  permeating  rock  masses  on  either 
side  of  open  fissures   than  on  any  other. 
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The  applicability  or  otherwise  of  this  theory  may  have  an  important 
practical  bearing.  Many  of  the  larger  lodes  are  being  worked  in  the  sedi- 
mentary rocks  close  to  their  contact  with  the  granite.  If  the  source  of  the 
tin  is  the  everywhere  underlying  granite,  it  may  possibly  be  that  as  that  rock  is 
approached  the  deposits  of  ore  will  become  richer  and  larger.  On  the  other 
hand,  since  the  first  introduction  of  the  tin,  there  has  probably  been  con- 
siderable reconcentration  of  the  metallic  contents  by  the  circulation  of  the 
ground  water,  as  the  surface  level  has  been  lowered  by  denudation.  This  may 
have  so  overbalanced  the  tendency  to  enrichment  as  the  granite  is  approached, 
that  quite  the  contrary  may  be  the  case.  The  evidence  collected  by  the  writer 
was  not  sufficiently  detailed  to  allow  of  any  opinion  being  formed  on  this 
important  question. 

In  a  few  cases  the  ore  deposits  are  associated  with  dykes  of  elvan,  and, 
possibly,  of  diorite,  the.  parting  between  the  dyke  rock  and  the  country  having 
fomied  a  line  of  weakness  by  means  of  which  the  mineralising  agents  were 
enabled  to  gain  access  from  below,  and  alter  the  rock  on  either  side  to  lode 
fomiation.  The  Gully  lode  at  Herberton  was  apparently  an  example  of  lode 
material  formed  alongside  of  an  elvan  dyke,  and,  according  to  Skertchly, 
many  of  the  lodes  at  Watsonville  were  found  associated  with  dykes  of  diorite. 
In  his  report  on  this  district  Skertchly  says  :*  **  lliere  are  no  lodes  in  the  whole 
district  but  are  associated  with  either  el  vans  or  basic  dykes."  This  state- 
ment is,  however,  much  too  general  to  be  accepted  for  the  whole  of  the  district, 
for  in  the  CAse  of  many  of  the  most  important  lodes  there  is  no  sign  of  any 
connection  with  intmsions  of  igneous  rock. 

In  tlie  greater  number  of  cases  the  fracturing  of  the  rocks  by  the  pressures 
to  which  they  have  been  subjected  by  earth  movement,  has  apparently  been 
quite  sufficient  to  allow  of  their  permeation  by  the  mineral-bearing  vapours 
from  below.  The  irregular  character  of  the  tin  deposits  seems  to  be  due 
primarily  to  the  irregular  disposition  of  these  fissures  and  fractures  through 
the  country.  The  alteration  of  the  rock  and  deposition  of  mineral  in  the 
neighbourhood  of  these  fractures  followed  no  regular  plan,  but  apparently 
occurred  wherever  local  conditions  were  favourable  to  their  permeation  by  the 
mineralising  vapours  and  solutions.  The  prevalence  of  the  occurrence  of  large 
ore  bodies  in  the  harder  greywackeb  and  sandstones  of  the  sedimentary  series 
and  their  scarcity  in  the  softer  and  finer-grained  schists  is  interesting  in  this 
connection,  as  it  can  easily  be  imagined  that,  owing  to  their  greater  hardness 
and  less  flexibility,  the  former  rocks  would  be  more  likely  to  form  open  fissures 
under  the  influences  of  strains,  while  the  coarseness  of  their  grain  would 
probably  afford  freer  access  to  the  permeation  of  solutions  through  their  mass. 

• 

In  many  cases  this  irregular  disposition  of  the  fractures  which  have 
detennined  the  admission  of  the  lode  material,  has  given  rise  to  large 
bunches  of  rich  ore  showing  little  trace  of  any  connection  with  other  deposits. 
This  seems  to  have  been  especially  the  case  in  the  ore  bodies  found  in  the 
granite,  though  it  obtained  very  frequently  also  in  those  occurring  in  the 
sedimentary  rocks.  Large  and  rich  bodies  of  ore  have  to  all  appearance 
completely  cut  out  within  a  few  feet  of  the  surface,  leaving  no  clue  that  could 
be  traced  down  to  any  similar  and  connected  occurrence  of  ore  below.  The 
theory  of  the  introduction  of  the  mineralising  agent  in  gaseous  form,  which 
would  presumably  allow  of  their  passing  through  fissures  of  the  rock  for  long 
distances,  where  the  conditions  were  not  favourable  to  permeation  on  either 
side,  no  doubt  explains  such  occurrences.  In  many  cases  lodes,  after  apparently 
"  petering  out "  completely,  have  been  picked  up  again  by  following  down 
narrow  strings  of  mineral,  or  by  haphazard  prospecting  at  greater  depths,  and 

*  Op.  cit,  pa^e  45. 
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have  opened  out  into  bodies  of  as  great  or  even  greater  extent  than  those  that 
led  to  their  being  prospected.  Thus  the  Vulcan  lode  at  Irvinebank  has  been 
worked  to  a  depth  of  700  feet,  though  the  lode  was  on  two  occasions  completely 
lost  as  work  proceeded  downwards. 

III.— <:haracter  of  the  mining. 

The  irregular  manner  of  occurrence  of  the  ore  in  these  lodes  has  had  a 
marked  influence  on  the  character  of  the  mining  in  this  district.  In  the  case 
of  mineral  matter  introduced  along  true  fissures,  extending  with  comparative 
regularity  over  considerable  distances  both  horizontally  and  vertically,  and 
carrying  lode  material  between  well-defined  walls,  or  impregnating  the  country 
rock  more  or  less  evenlv  on  either  side,  a  certain  amount  of  confidence  can  be 
displayed  in  prospecting  and  development  work.  If  the  lode  becomes  too 
narrow  or  too  poor  for  profitable  working,  developnient  work  is  pushed  on 
either  horizontally  or  in  depth  along  the  line  of  fissure,  with  a  fair  prospect 
of  the  lode  again  widening  or  improving  in  value  along  the  same  line.  Where, 
however,  no  such  in-egularity  of  disposition  of  the  ore  exists,  as  in  the  case  of 
most  of  the  Herbert  on  lodes,  only  the  general  run  of  the  ore  body  can  be 
followed  as  a  guide  for  fresh  prospecting  work. 

One  of  the  most  noticeable  features  of  the  ore  bodies  is  the  shortness  of 
the  shoots  in  horizontal  extent.  In  the  Launcelot  Mine  at  Newellton,  at  the 
150-feet  level,  the  lode  has  been  stoped  for  200  feet  continuously  on  ore.  The 
next  longest  working  on  a  continuous  body  is  at  the  500-feet  in  the  Vulcan 
Mine,  where  the  stope  has  been  carried  along  for  about  150  feet  on  ore.  At  the 
100-feet  level  in  the  Smith's  Creek  Mine  the  ore  was  taken  out  for  about  78 
feet  in  length.  These,  however,  are  three  of  the  longest  continuous  shoots  that 
have  been  worked  on  the  field,  the  majority  rarely  reaching  50  feet  in  length. 
Nor  do  they  often  lead  on  to  others  in  the  same  line,  connected  genetically 
with  them,  and  capable  of  being  worked  from  the  same  shaft. 

Their  want  of  length  is  often  compensated  for,  to  some  extent,  by  consider- 
able thickness,  and  bodies  of  ore,  of  nearly  the  same  dimensions  in  either 
direction,  are  of  frequent  occurrence. 

The  greatest  hindrance  to  continuous  and  economic  mining  of  these  lodes 
is,  however,  the  want  of  continuity  of  the  shoots  of  ore  as  they  are  followed 
downwards.  Repeated  instances  of  unsuccessful  attempts  to  pick  up  large  and 
profitable  shoots  of  ore  by  driving  50  feet  or  100  feet  below  where  they  are 
being  stoped,  have  convinced  the  tin-miner  in  this  district  that  his  hopes  of 
picking  up  a  lost  lode  again  in  the  position  in  which  it  might  naturally  be 
expected,  are  more  often  disappointed  than  not.  Frequently  a  long  period  of 
prospecting  in  different  directions  has  to  be  gone  through  before  fresh  ore 
reserves  can  be  developed,  with  often  little  or  no  indication  except  the  general 
dip  of  the  shoot  above  to  serve  as  a  guide. 

The  want  of  continuity  of  the  deposits  makes  the  economic  location  and 
proving  of  fresh  ore  reserves,  in  advance  of  those  already  developed  and  in 
course  of  extraction,  a  matter  of  the  greatest  importance.  Where  the  lodes 
follow  no  true  course,  as  such  is  understood  with  true  fissure  lodes,  and  where 
the  break  in  continuity  is  not  due  to  a  faulting  of  the  country  subsequent  to 
the  formation  of  the  ore  body,  it  is  useless  to  attempt  to  apply  rules  of 
procedure  for  finding  lost  lodes  that  have  been  framed  to  suit  well-defined  deposits 
with  definite  course  and  dip.  The  only  course  open  seems  to  be  that  universally 
adopted  by  the  experienced  tin-miner — ^namely,  to  follow  the  tin  as  far  as  it  will 
lead,  in  the  hopes  of  its  making  into  another  body  of  ore,  and  when  this  can 
no  longer  be  done,  to  use  the  individual  judgment  in  prospecting  in  the  most 
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likely  place  in  the  most  ecouoiuic  manner  that  can  be  employed.  In  this 
connection  it  seems  likely  that,  in  the  case  of  large  bodies  of  ore  like  those 
found  in  the  Vulcan,  Smith's  Creek,  and  many  other  mines  where  the  tin  is 
disseminated  with  comparative  evenness  through  an  extensive  mass  of  lode 
material,  the  diamond  drill  might  be  employed  with  advantage  by  saving 
much  profitless  driving  and  sinking,  and  allowing  of  the  opening  up  of  fresh 
ground  in  the  most  convenient  manner.  In  any  case,  the  importance  of  keeping 
development  work  well  aliead  of  present  mill  requirements  cannot  be  too 
strongly  insisted  on  with  lodes  of  this  character,  if  the  undertaking  is  to  prove 
profitable  to  the  shareholders. 

The  small  size  of  the  great  majority  of  the  lodes,  combined  with  their 
richness,  has  made  them  peculiarly  adapted  to  return  good  profits  to  small 
parties  of  working  miners.  Their  bunchiness  and  want  of  regular  continuity 
when  followed  downward  frequently  gave  rise  to  correspondingly  irregular 
methods  of  working,  often  entailing  two  or  three  handlings  of  the  ore  before  it 
could  be  brought  to  the  surface.  In  this  way  depths  were  soon  reached  at  which 
it  became  impossible  to  handle  anything  but  the  richest  ores  at  a  profit,  and  the 
majority  of  the  lodes  were  gradually  abandoned  before  any  great  depths  had 
been  reached.  Many  of  the  larger  ore  bodies,  especially  amongst  those  occurring 
in  the  sedimentary  rocks,  were  early  found  to  be  too  poor  for  profitable  mining 
with  the  low  price  ruling  for  tin  before  1898.  They  were  abandoned  at  shallow 
depths.  Increased  prices,  however,  inspired  the  hope  that  many  of  these  could 
be  made  to  yield  profits  if  provided  with  batteries  close  at  hand,  and  with  the 
application  of  more  Ufhto-date  methods  of  mining. 

It  is  lodes  of  this  character,  some  of  them  scarcely  prospected  before,  that 
have  attracted  attention  of  late  years  at  Coolgarra,  Stannary  Hills,  Eoorboora, 
and  other  places.  They  have  accounted  for  a  large  proportion  of  the  increased 
vield  during  the  last  three  years,  and  must  be  looked  to  to  maintain  the 
output  in  the  future. 

The  varied  character  of  tliese  lodes  demands  considerable  originality  of 
treatment  in  each  case,  both  as  to  the  method  to  be  employed  in  mining  them 
and  in  the  subsequent  treatment  of  the  ore.  The  uniform  methods  generally 
found  prevailing  on  all  mines  of  one  particular  field  must  be  diversified  here 
to  suit  the  peculiarities  of  each  lode.  There  is,  in  fact,  scope  on  this  field  for 
the  employment  of  the  best  mining  skill  available,  if  waste  of  funds  in  unprofit- 
able surface  works  and  unsuitable  mining  methods  is  to  be  avoided,  and  the 
lower  grade  propositions  are  to  be  made  remunerative. 

IV. —HISTORICAL  AND  STATISTICAL. 

Alluvial  tin  was  first  worked  behind  the  coast  range  in  the  early  part  of 
1880,  on  Prospector's  Gully,  near  the  present  town  of  Herberton.  The  first 
lode — the  "  Gully  "  lode  of  the  Great  Northern  Freehold — was  found  a  little 
higher  up  the  same  gully  a  few  months  afterwards.  Stream  tin  had  been 
worked  previously  to  this  on  Tinaroo  Creek,  east  of  the  coast  range,  but 
apparently  it  was  not  till  the  opening  of  the  ports  of  Cairns  and  Port  Douglas 
in  1879  that  much  attention  was  paid  to  the  mineral  deposits  west  of  the  range. 
Mr.  Jack,  who  visited  the  Herberton  lodes  in  1880,  thus  describes  the  history 
of  their  discovery : — * 

Thiff  DeiKhboarhood  was  described  by  Mulligan  as  stanniferous  as  much  as  six  years  ago 
(1874),  but  as  there  was  then  no  nearer  port  than  Gooktown,  the  expense  of  land  carnage  would, 
of  course,  have  rendered  the  working  of  tin  unremunerative.  The  harbours  of  Gaims  and  Port 
Douglas  having,  however,  at  length  been  opened,  and  the  basaltic  region**  in  the  valleys  of  the 

*  Report  on  the  Wild  River  Tin  Mines,  1880.    R«L.  J.,  Geological  Survey  Publication  No.  10. 
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Herbert  and  Barmn  having  bean  taken  up  in  squatting  runs,  att<*ntion  wai  again  directed  to  the> 
tin  depOBits.  Mr.  Atherton,  of  Emerald  End,  on  the  Barron,  having  found  stream  and  eurface 
tin  in  «afficient  quantities  to  warrant  further  prospecting,  took  up  John  Newell  and  eeveral 
others  from  Tinaroo  (about  90  miles  off)  to  the  beads  of  Abe  Wild  River  in  the  latter  end  of  1879. 
This  party  found  stream  tin  in  payable  quantities  in  Prospector's  Gully,  on  the  left  bank  of  the 
Wild  River,  near  the  present  township  of  Herberton.  Four  months  later  William  Jack  and 
party  explored  the  neighbourhood  of  Prospector's  Gully,  and  were  rewarded  by  the  discovery  of 
the  Great  Northern  lode.  Other  lodes  were  quickly  found  and  taken  up  by  the  miners,  who 
shortly  afterwards  rushed  the  ground. 

The  discoyerv  of  the  lodes  near  Herberton,  and  of  the  Great  Western  and 
other  lodes  in  the  neighbourhood  of  Watsonville,  some  5  miles  furtlier  weat,  led 
to  the  taking  up  of  a  great  many  claims  in  these  localities.  Mr.  Jack,  in  his 
first  report,  describes  as  many  as  109  in  these  two  districts.  During  the  next 
year  a  considerable  amount  of  ore  was  raised  and  stacked,  awaiting  the  erection 
of  crushing  machinery.  Crushing  began  in  1883,  and  for  the  first  year  12,405 
tons  of  stone  were  treated  for  a  return  of  2,646  tons  of  black  tin.  In  1885 
the  battery  at  Irvinebank  commenced  crushing,  chiefly  on  ore  from  the  Great 
Southern  Mine,  and  this  place  gradually  became  a  most  important  centre. 
Up  till  1890  the  mining  industry  in  these  three  localities  was  in  a  flouriahing- 
condition,  and  returned  15,000  tons  of  black  tin,  valued  at  £650,000.  Batteries 
were  also  erected  at  Return  Creek  in  1885,  Eureka  Creek  and  Glen  Linedale  in 
1888,  and  California  Creek  in  1890,  but  by  the  end  of  the  latter  year  they  had  all 
ceased  to  work.  From  that  time  on  the  low  prices  of  tin,  together  with  the 
exhaustion  of  the  surface  deposits,  and  the  more  readily  accessible  bodies  of 
ore,  led  to  the  dosing  down  of  many  of  the  mines,  and  a  considerable  falling 
off  in  the  output  of  tin.  The  success  attending  the  opening  up  of  the  Vulcan 
Mine,  however,  in  1891,  and  the  regular  output  from  the  large  bodies  of  ore 
developed,  kept  life  in  the  district,  and  afforded  the  sinews  of  war  for  continuous 
prospecting.  From  1891  to  1902  the  Vulcan  Mine  furnished  more  than  half  the 
total  return  of  lode  tin  from  the  whole  field,  with  an  average  yearly  output  of 
nearly  450  tons. 

The  sudden  increase  in  the  value  of  tin  in  1898  led' to  a  marked  revival 
of  interest  in  the  field,  and  was  followed  by  the  formation  of  a  number  of 
companies.  The  aim  of  these  companies  was  to  secure  groups  of  abandoned  or 
languishing  mines,  with  the  intention  of  developing  and  working  them  in  a 
more  systematic  manner  than  had  been  attempted  previously. 

Of  these  companies  the  Coolgarra  Company  at  Retmm  Creek,  the  Stannary 
Hills  Company  at  Eureka  Creek,  the  Launcelot  Company  at  Newellton,  the 
Great  Northern  Company  at  Herberton,  and  the  Cuprite  Company  at 
Irvinebank,  have  been  the  most  active,  while  the  mines  at  Eoorboora  have 
been  vigorously  prospected  by  the  Irvinebank  Mining  Company. 

At  this  latter  place  a  10-head  battery  was  erected  near  the  Shakespeare 
Mine  in  1899.  It  has  been  working  with  fair  regularity  since,  and  has 
crushed  some  11,500  tons  of  ore  for  a  return  of  341 J  tons  of  black  tin,  valued 
at  £19,416. 

The  Coolgarra  Company  having  erected  a  new  10-head  battery  on  Return 
Creek,  commenced  crushing  in  March,  1901,  and  continued  with  little  inter- 
ruption till  September  of  1903.  There  had  been  no  crushings  at  this  place 
since  1888.  The  total  for  the  last  period  was  21,879  tons  of  stone  for  a 
return  of  473  tons  of  black  tin,  valued  at  £22,646.  The  greater  portion  of  this 
stone  has  come  from  the  Alhambra  Mine.  The  low  grade  of  this  ore  compelled 
the  closing  down  of  the  mine  in  September  last. 

The  Stannary  Hills  Company  secured  the  most  important  mines  on  Eureka 
Creek,  which  had  been  abandoned  since  1893.     A  tramline  connecting  these 
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mines  with  the  Chillagoe  Railway  line,  14  miles  off,  and  with  a  20-head  battery 
on  the  Walsh  River,  5  iiiOes  further  east,  has  since  been  completed.  The  survey 
of  the  line  was  commenced  in  1898,  and  the  construction  completed  in  1902. 
The  battery  commenced  crushing  in  August  of  last  year,  and  up  to  the  end  of 
the  year  had  put  through  5,660  tons  of  stone  for  a  return  of  209  tons  17  cwt.  of 
black  tin,  valued  at  £15,848. 

The  Launcelot  Mine,  near  NeweUton,  on  the  Dry  River,  7  miles  south-west 
of  Herberton,  was  discovered  about  1895  by  Harrod,  and  some  good  crushinga 
▼ere  obtained  from  it  at  the  Bischoff  Mill.  In  1899  the  mine  was  bought  by 
Mr.  C.  C.  Clotten,  of  Frankfort,  and  the  property  floated  into  a  company  called 
the  Launcelot  Tin  Mines.  A  large  dam  was  constructed  on  the  Dry  River,  and 
dressing  machinery  for  a  5-head  battery  imported  from  Crermany.  The  erection 
of  this'  machinery  was  completed  by  the  end  of  1901,  and  crushing  commenced 
in  May,  1902.  Three  shafts  have  been  sunk  to  a  depth  of  150  feet,  and  up  to 
the  end  of  1903  4,190  tons  of  ore  have  been  crushed  for  a  return  of  494  tons 
of  black  tin,  valued  at  £28,234.  The  company  have  since  commenced  to  further 
sink  their  shaft,  and  are  proceeding  with  the  erection  of  an  additional  10-head 
of  stamps. 

The  Great  Northern  Company  commenced  to  sink  the  shaft  on  the 
^*  Eastern  "  lode  of  the  Great  Northern  Freehold,  near  Herberton,  which  had 
been  full  of  water  Hince  1891,  in  June  1901.  It  was  simk  from  the  400-feet^to 
the  700-feet  level,  and,  during  the  present  year,  the  lode  was  again  intersected 
at  that  depth  by  a  short  drive  from  the  bottom  of  the  shaft.  A  battery  is  now 
in  course  of  erection  to  treat  the  ore  thus  developed. 

The  Cuprite  Company,  at  Watsonville,  secured  a  block  of  ground  on  the 
hills  to  the  south  of  the  township  of  Watsonville,  embracing  a  number  of  the 
best-producing  mines  in  this  neighbourhood.  Since  1899  they  have  done  a 
considerable  amount  of  prospecting,  but  so  far  without  much  success. 

In  addition  to  these  new  batteries  on  old  mines,  there  is  to  be  noted  the 
Huding  of  the  Smith's  Creek  Mine  during  the  latter  end  of  1901,  and  the 
erection  of  a  battery  consisting  of  three  Huntingdon  mills  and  modem  dressing 
machinery.  This  mine  commenced  crushing  in  January,  1903,  and  since  then. 
has  tiimed  out  585  tons  of  tin,  valued  at  £41,093,  from  18,674  tons  of  stone. 
Unfortunately,  the  lode  has  been  lost  below  the  100-feet  level,  and  at  present 
there  is  no  further  ore  in  sight,  but  with  further  prospecting  it  may  be 
expected  that  additional  reserves  will  be  found,  and  the  life  of  the  mine 
continued. 

The  addition  to  the  field  of  the  new  crushing  power  detailed  above  has 
led  to  a  marked  increase  in  the  output  of  tin  for  the  last  three  years.  For  the 
three  years  preceding  1901  the  average  yield  was  a  little  over  600  tons  of 
black  tin  per  annum.  Since  then  it  has  rapidly  increased,  till  for  last  year  it 
totalled  some  2,268  tons,  or  nearly  three  and  a-half  times  the  former  yield. 

The  increase  in  the  amount  of  stoi^e  crushed  is  even  more  noticeable,  the 
average  percentage  of  the  ore  having  been  reduced  by  over  two-fifths.  Thi» 
is  clearly  shown  by  the  table  giving  the  yield  of  the  field  from  the  commence- 
Dient  of  crushing  (Table  I.).  The  reduction  is  accounted  for  by  the  fact  that 
the  increased  value  of  the  metal,  combined  with  the  erection  of  up-to-date  mills 
in  close  proximity  to  large  bodies  of  ore,  has  allowed  of  the  profitable 
treatment  of  large  quantities  of  stone  which  would  have  been  too  poor  to  pay 
under  the  old  conditions  of  low  values  and  long  haulage  to  the  mills. 

Notwithstanding  this  large  increase  in  the  output  of  lode  tin,  none  of  the 
new  ventures  have  as  yet  been  able  to  become  dividend-paying.  The  expenses 
of  the  large  amount  of  surface  work  in  the  erection  of  mills,  winding  machinery^ 
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and  tramways,  have  been  very  heavy,  and  in  many  cases  the  returns  have  not 
been  up  to  expectations.  The  want  of  continuity  of  the  ore  bodies,  and  the 
difficulties  of  estimating  reserves,  has  been  the  source  of  great  trouble  in 
preventing  the  mills  from  being  regularly  supplied,  and  has  greatly  added  to 
the  cost  of  mining.  The  Coolgarra  Company  closed  down  in  September  of  last 
year,  and  the  Smith's  Creek  Mine  had  crushed  all  their  available  ore  by  the 
end  of  4he  year.  The  Stannary  Hills  crushings  have  not  turned  out  up  to  the 
expectations  created  by  the  estimates  of  value  and  quantity  reported  from 
time  to  time  from  the  mine.  Only  at  the  Launcelot  Mine,  and  at  Eoorboora, 
have  the  crushings  been  both  regular  and  of  good  value,  and  in  the  case  of  the 
former  the  greater  portion  of  the  profits  has  been  absorbed  in  providing  capital 
for  further  development. 

The  following  table  gives  the  amount  of  stone  crushed  and  tin  of>tAined 
in  the  Herbert  on  District  from  the  year  1883  to  the  year  1903,  both 
inclusive : — 

TABLE    I. 

Amounts  of  Stonb  Crushbd  and  Black  Tin  Obtained,  Herbertox  District, 

FROM  1883  to  1903. 


Year. 


1883 
18S4 
1885 
1886 
1887 
1888 
1889 
1890 
1891 
1892 
1893 
1894 
1896 
1896 
1897 
1898 
1899 
1900 
1901 
1902 
1903 


Stone 
Crushed. 

Yield  of 
Tin  Ore. 

Percentage. 

Value. 

Value  per 

Ton  of  Black 

Tin, 

ion*. 

1        Tons. 

£ 

£ 

12,405 

2,646 

21-3 

1    No  records 

No  records 

11,031 

1,902 

17-25 

1 

»» 

*> 

12.834 

2,096 

16-32 

1 

>> 

14,816 

1       2,198 

14-8 

If 

t« 

12,142 

1,508 

12*42 

♦» 

ft 

11,159 

1,390 

11-70 

76,400 

50 

14,476 

1,560 

11-02 

90,000 

49  lOa. 

13,700 

1,699 

12-3 

104.050 

49  18s. 

6,718 

1,063 

15-8 

68,850 

50 

9,481 

1,181 

12*46 

(>9.450 

50 

9,749 

1,215 

12-46 

72,000 

45 

7,211 

1,260 

17-33 

67,300 

35 

6.779 

1,036 

15-28 

43,300 

30 

6,630 

747 

11-26 

31,770 

90 

7,128 

749 

10-51 

27,967 

30 

5,306 

508 

9-57 

16,618 

3271 

7.135 

682 

9-57 

40,866 

59-90 

6,M4 

665 

10'16 

40,310 

60-61 

15,268 

910 

5-9(» 

46,733 

69-79 

26,190 

1,524 

5-82 

76,462 

50-17 

51,577 

2,26S 

4-39 

135,735 

59-84 

v.— THE  MINES. 

(l.)-THE  HERBERTON  DISTRICT. 

The  lodes  in  the  neighbourhood  of  Herberton  were  vigorously  worked  for 
the  first  ten  years  after  their  discovery.  Several  shafts  were  sunk,  reaching 
in  the  case  of  the  Great  Northern  lodes  to  depths  of  400  feet  and  500  feet. 
During  this  period,  according  to  the  official  returns,  these  lodes  produced  some 
6,704  tons  of  black  tin,  valued  at  about  £335,200.  Of  this  the  two  lodes  on 
the  Great  Northern  Freehold  produced  4,130  tons,  and  the  remaining  lodes 
2,574  tons.  Mr.  Jack  inspected  these  mines  in  1883,  and  in  his  report  describes 
some  66  different  claims.  At  that  time  the  deepest  workings  were  on  the 
Great  Northern  lodes,  at  depths  of  60  feet  and  124  feet.  The  exhaustion  of 
the  surface  deposits  and  the  difficulties  generally  experienced  in  picking  up 
the  lodes  when  lost,  led  to  the  gradual  abandonment  of  most  of  these  mines. 
For  the  next  ten  years,  from  1891  to  1900,  the  return  of  tin  amounted  to  only 
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590  tons.  Lode  mining  practically  ceased  in  1899,  and  was  not  renewed  till 
the  middle  of  1901.  The  shaft  on  the  Great  Northern  "  Eastern  Lode  "  was 
then  bailed  out,  and  the  sinking  of  the  shaft  recommenced. 

This  was  the  only  mine  working  at  the  time  of  my  visit,  and  consequently 
was  the  only  point  at  which  the  manner  of  occurrence  of  the  tin  in  these  lodes 
could  be  studied  in  detail. 

The  lodes  lie  mostly  among  the  hills  to  the  east  of  the  town,  all  within 
an  area  of  about  2  square  miles. 

The  country  rock  is  a  normal  biotite  granite,  which  is  traversed  by 
numerous  dykes  of  a  pinkish  or  whitish  elvan.  The  ore  bodies  seem  to  have 
been  exceedingly  irregular  in  character,  but  to  have  afforded  wonderfully  rich 
ore  on  the  whole.  The  total  stone  treated  for  the  first  ten  years  shows  an 
average  of  black  tin  of  over  21  per  cent,  for  over  32,000  tons  of  stone.  Of 
these  lodes  the  St.  Patrick,  Bradlaugh,  Southern  Cross,  Wild  Irishman,  and 
Black  King  were  the  better  known,  but  as  none  of  them  had  been  working 
eicept  occasionally  in  a  desultory  way  for  some  years  previous  to  my  visit,  I 
found  it  practically  impossible  to  obtain  any  reliable  information  about  them. 

Table  II.  gives  the  official  returns  of  ore  crushed  from  the  mines  near 
Herberton  as  far  as  they  have  been  recorded. 

TABLE  II. 
OmciAL  Returks  of  Ore  fbom  Minks  (yRrsHiKC  at  Herbkrton  from  1883  to  1903. 

(A  bttracted  from  Wa  rdens*  Reports. ) 


Totiil  from  »I1  Mines. 

Crushed  at  Herberton 

(rompRDy'8  Mill. 

Great  Northern  Company's 
Guliy  Lodfl. 

Great  Northern  Company's 
£ast  Lode. 

Ywtf, 

Stone. 

B»ack  Tin. 

Stone. 

Blaok  Tin. 

Stone 

Black  Tin. 

Tons. 

Tons. 

Tons. 

Tons.        '        Tons. 

Tons. 

1883        

8,950 

1,889 

4,500  toD8  of  stone  gave  1,240  tons  of  black  tin  from 

both  mines. 

\m      

8.965 

1,509 

1,400 

420 

600 

160 

1885         

2,423 

563 

1,400 

400 

300 

100 

1886         

2,809 

530 

800 

240 

180 

42 

1887         

2.519 

560 

850 

130 

950 

236 

1888         

2,222 

506 

600 

180 

1,000 

300 

18.Hi»         

2,063 

454 

m 

40 

1,161 

314 

1890         

2,550 

658 

1,200 

336 

1891         

1,290 

232 

980 

196 

1892         

1,451 

137 

■  ■  ■ 

1893         

723 

153 

im         

869 

128 

1895         

443 

44 

1896         

583 

54 

1897         

211 

37 

189S        

608 

37 

1899-1903 

■  «  ■ 

« ■  • 

Totals    ^^ 

38,739 

7,491 

5,149 

1,860 

6,371 

1,674 

Thb  Grbat  Northern  Freehold. 

The  workings  on  this  propeity,  which  is  60  acres  in  extent,  are  within  half 
a  mile  of  the  town  of  Herberton.  The  ground  was  taken  up  in  1880  as  Mineral 
Election  No.  2824^  and  subsequently  became  freehold  under  the  old  Mining 
Act  of  that  date.  There  are  two  main  lodes,  the  "  Gully  "  lode,  on  Prospector's 
Gully,  the  first  found  in  the  district,  and  the  "  £astem  "  lode,  situated  about 
300  yards  further-  up  the  creek,  in  an  east-by-south  direction. 

B 
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The  Gully  Lode  has  been  worked  to  a  vertical  depth  of  660  feet,  but  ha»- 
lain  idle  since  1894,  the  main  shaft  having  since  collapsed  and  become 
unworkable.  The  outcrop  of  the  lode  strikes  a  little  east  of  north  fbr  a  length, 
of  about  3  chains,  and  diows  a  dyke  of  elvan  running  along  its  eastern  wall. 
Plans  of  the  mine  show  that  the  lode  material  was  associated  with  this  elvan 
dyke  in  the  lower  levels,  and  the  junction  of  the  latter  with  the  granite  appears 
to  have  formed  the  line  of  weakness  along  which  the  mineralising  agents  found 
access  from  below.  The  official  returns  from  this  mine  show  a  total  of  1,410 
tons  of  black  tin,  of  a  value  of  about  £70,500  for  the  515  feet  of  sinking.  This 
ore  was  obtained  from  5,148  tons  of  stone,  showing  an  average  of  over  36  per 
cent.  This  stone  was  all  crushed  between  the  years  1884  and  1889.  The 
greater  proportion  was  obtained  above  the  25U-feet  level,  after  reaching  which 
the  lode  became  much  smaller  and  poorer,  though  the  stone  crushed  in  the  last 
three  years  averaged  22  per  cent. 

The  Ectetern  Lode  has  been  been  worked  to  a  vertical  depth  of  550  feet, 
and  during  last  year  was  again  met  in  a  drive  from  the  main  shaft,  at  a  depth 
of  700  feet.  The  lode  formed  a  prominent  outcrop  on  the  surface,  nmnin^ 
north  and  south  for  about  120  feet,  with  a  width  of  about  18  feet  at  its  southern 
end.  The  outcrop  terminated  abruptly  either  way,  with  no  sign  of  its 
continuation  to  north  or  south.  The  outcrop  ore  was  removed  in  an  open 
quarry  going  into  the  hill  in  a  southerly  direction.  This  quarry  has  levelled 
the  surface  formerly  occupied  by  the  outcrop  ore,  leaving  a  wall  of  granite  on 
the  east.  To  the  south  it  terminates  against  another  wall  of  barren  granite. 
'The  ore  was  stoped  out  by  three  shafts  to  a  depth  of  from  50  to  80  feet. 
The  northernmost  of  these  subsequently  became  the  main  shaft.  At  a  depth  of 
50  feet  it  met  a  flat  slide  dipping  to  the  north,  which  cut  off  the  tin  completely 
below  the  surface  workings.  The  north  shaft  was  then  sunk  through  barren 
ground  for  100  feet  before  meeting  good  ore  again  at  the  150-feet  level. 
The  shaft  was  completed  to  the  200-feet  level  in  1884,  and  winding  machinery 
erected  in  1886.  At  the  200-feet  level  the  shoot  of  ore  ran  for  about  100  feet 
north  of  the  shaft,  and  25  feet  south  of  the  shaft,  and  was  from  10  to  20  feet 
wide,  but  of  very  irregular  cross  section.  It  was  stoped  on  the  south  side  of 
the  shaft,  to  which  it  inclined  steeply  as  it  was  followed  up  in  a  wide  irregular 
stope.  The  slide  passed  through  in  the  shaft  was  again  met  with  in  this  stope 
at  a  point  about  80  feet  south  of  the  sliaft,  and  about  100  feet  above  the  level. 
This  stope,  known  as  the  **  south  stope,"  afforded  an  immense  quantity  of  rich 
ore.  Below  the  200-fcet  level  the  greater  portion  of  the  ore  came  from  north  of 
the  shaft,  which  was  continued  on  vertically  to  the  400-feet.  At  the  300-feet  the 
shoot  of  ore  was  about  65  feet  in  length  and  10  feet  in  breadth,  but  below  this 
point  it  became  much  smaller,  and  was  followed  down  by  a  winze  to  the 
400-feet  level,  where  it  was  about  70  feet  in  length  and  10  to  12  feet  in  width. 
From  the  400-feet  the  ore  was  followed  down  by  two  irregular  winzes  to  the 
450-feet  level,  and  subsequently  by  another  irregular  winze  to  the  500-feet 
level.  The  ore  body  below  the  400-feet  was  comparatively  poor  and  small,  and 
was  finally  abandoned  in  1892.  The  mine  remained  idle,  except  for  a  little 
tributing  in  the  upper  stopes,  till  1901,  when  the  shaft  was  again  bailed  out 
and  sinking  continued.  During  last  year  the  lode  was  again  met  with  at  the 
700-feet  level,  in  a  drive  north  from  the  bottom  of  the  shaft. 

The  official  returns  of  ore  from  this  mine  show  that  6,371  tons  of  stone 
were  crushed  for  a  yield  of  1,674  tons  of  black  tin  between  the  years  1884  and 
1891.  This  gives  an  average  of  26  per  cent,  for  all  stone  crushed,  and  a  gross 
value  of  about  £63,700.  In  addition  to  this,  a  considerable  amount  (perhaps 
2,000  tons),  was  crushed  in  1883,  of  which  there  is  no  exact  record. 
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The  ore  from  this  mine  is  very  coarse-graiued,  occurring  in  association  with 
quartz  and  a  black  serpentinous  mineral.  The  lode  does  not  occur  along  any 
vdl-defined  course,  and  shows  no  signs  of  being  connected  with  any  fault  or 
fracture  in  the  granite.  Owing  to  the  good  standing  qualities  of  much  of  the 
ground,  very  little  timber  has  been  used,  and  consequently  a  great  portion  of 
the  old  workings  can  still  be  examined.  The  ore,  where  richest,  occurred  in 
large  lumps  and  yeins  of  cassiterite  associated  with  a  dean  white  quartz.  In 
many  parts  of  the  mine  the  lode  has  been  left  as  large  masses  of  white  quartz, 
too  poor  in  tin  to  work.  This  white  quartz  is  seen  to  pass  gradually  into  altered 
granite  rock,  carrying  less  quartz,  and  showing  sei'pentinisation  of  some  of  its 
mineral  constituents.  This  gires  rise  to  a  dark-black  amorphous-looking  rock, 
always  regarded  as  lode  formation  by  the  miners.  As  the  outside  edge  of  the 
lode  is  approached,  the  alteration  of  the  granite  becomes  less  and  less,  passing 
rapidly,  but  with  easily  recognisable  gradation  into  the  unaltered  granite.  The 
hounding-planes  of  the  lode  formation  are  exceedingly  irregular,  giving  the 
lode  a  widely  differing  cross  section  at  every  level.  The  lode  formation  is 
without  doubt  a  result  of  the  alteration  of  the  granite  rock  by  the  influence 
of  mineralising  agents  which  have  been  introduced  into  it  subsequent  to  its 
solidification. 

(3.)-WATS0NVILLE  DISTRICT. 

Watfionville  township  lies  about  5  miles  due  west  of  Herberton,  on  the 
western  fall  of  the  main  divide.  It  is  in  the  drainage  area  of  the  Walsh  River, 
which  flows  about  2  miles  to  the  north  of  it.  From  the  time  of  the  first 
discovery  of  the  lodes  on  the  hills  to  the  east  and  south  of  the  town,  up  till 
the  year  189(),  these  mines  were  worked  with  great  success,  the  annual  return 
from  the  Bischoff  Mill,  on  the  Walsh  River,  being  about  250  tons  of  black  tin, 
of  an  average  yearly  value  of  about  £10,000.  The  mines  were  mostly  worked 
by  small  parties  of  men,  holding  small  areas,  and  working  with  primitive 
appliances.  The  workings  generally  followed  down  narrow  shoots  of  ore,  often 
in  a  very  irregular  manner,  necessitating  two  or  three  handlings  before  the 
ore  could  be  landed  at  the  siurface.  It  had  then  to  be  carted  to  the  mill  on  the 
Walsh  River,  a  distance  of  2  miles  from  the  nearest  mines,  over  bad  roads. 
The  average  value  of  the  ore  for  the  fifteen  years  from  1882  to  1896  was  a 
little  over  16  per  cent,  for  26,531  tons  of  stone.  Mr.  Jack  visited  these  mines 
in  1883,  and  described  36  lodes  in  his  report  on  the  district.  Many  of  these 
were  worked  continuously  for  some  years,  but  the  greater  number  were 
gradually  abandoned  as  the  surface  deposits  were  worked  out,  and  the  attempts 
to  locate  the  lodes  at  greater  depths  became  too  expensive  for  the  means  at  the 
disposal  of  the  miners.  The  rapid  fall  in  the  price  of  tin  in  1893  materially 
aided  the  gradual  abandonment  of  the  mines.  At  the  time  of  Mr.  Skertchly's 
visit  in  1895  only  a  very  few  were  being  worked,  and  they  only  in  a  desultory 
way.  The  yield  of  tin  also  fell  rapidly,  till,  for  the  years  1900  to  1902,  it  only 
averaged  some  30  tons  annually.  During  last  year  (1903),  the  Bischoff  mill 
crushed  821  tons  of  stone  for  a  yield  of  65  tons  of  tin,  valued  at  £4,854. 

At  the  time  of  the  writer's  visit  to  the  field,  the  only  work  being  done  was 
the  stoping  of  ore  at  about  100  feet  depth  in  the  Montgomery  shaft  on  the 
top  of  the  hill,  to  the  west  of  the  Great  Western  Mine.  The  ore  here  was  being 
followed  down  as  a  narrow  shoot  with  a  very  irregular  downward  course  by 
irregular  workings  necessitating  three  handlings  of  the  ore  before  it  reached 
the  surface.  It  consisted  of  altered  porphyry  rock,  silicified  and  impregnated 
with  grains  of  tin.  There  were  no  walls  to  the  lode,  which  apparently  followed 
DO  defined  course,  the  ore  merging  gradually  on  all  sides  into  barren  rock.  It 
was  evidently  being  followed  only  by  the  exercise  of  the  greatest  care  in 
observing  where  the  rock  was  barren  and  where  tin-bearing. 
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The  ore  shoots  in  this  district  -were  apparently  narrow  and  very  irregular, 
both  in  shape  and  richness,  at  different  levels.  The  ore  seems  to  have  occurred 
in  bunches,  elongated  generally  in  a  more  or  less  vertical  direction,  and 
separated  from  each  other  in  the  vertical  line  by  patches  of  barren  rock  which 
had  to  be  sunk  through  before  other  bimches  of  ore  could  be  picked  up. 

Their  positions  seem  to  have  been  determined  by  the  jointing  of  the 
country  rock,  and  its  alteration  to  lode  matter  by  the  admission  of  mineralising 
agents  from  below. 

Mr.  Jack,  in  his  report,  published  a  map  showing  the  topographical  features 
of  the  neighbourhood  and  the  boundaries  of  the  different  formations.  Mr. 
Skertchly,  in  his  report,  reproduces  this  map,  with  a  little  added  detail,  and 
also  gives  considerable  information  about  some  of  the  most  important  mines, 
with  plans  showing  details  of  the  work  done  up  to  that  time.  Since 
Mr.  Skertchly 's  visit  very  little  work  has  been  done  on  any  of  these 
mines.  The  lodes,  occur  both  in  the  porphyry  on  the  hill  to  the  south  of  the 
town,  and  in  the  greywackes  and  slates  to  the  east.  Of  the  former,  the 
Caledonia,  King  of  the  Ranges,  Great  Western,  Stewart's  T.,  and  Chance  mines 
were  the  largest  producers,  and  of  the  latter  the  North  Australian  group  and 
Federation  group.  The  greater  number  of  the  mines  on  the  hill  to  the  south  of 
the  town,  including  the  Great  Western,  Stewart's  T.,  Chance,  and  Cuprite 
Mines  were  consolidated  in  1890  into  one  company,  and  an  attempt  made  to 
work  them  again.  The  main  adit  on  Stewart's  T.  Mine  was  continued 
towards  the  Great  Western  Mine,  but  apparently  without  finding  any 
important  bodies  of  ore.  This  work  was  in  abeyance  at  the  time  of  my  visit 
to  the  field,  but  I  understand  has  been  resumed  again  since. 

(3.)--THE  IRVINEBANK  DISTRICT. 

The  township  of  Irvinebank  lies  about  8  miles  west-south-west  of 
Watsonville,  on  Gibb*s  Creek.  After  the  erection  of  the  battery  in  1884,  it 
became  one  of  the  chief  mining  centres  of  tJie  tinfield,  and  since  the  starting  of 
the  Vulcan  Mine  in  1891  it  has  been  the  leading  industrial  centre.  The  battery 
now  consists  of  30  head  of  stamps,  with  numerous  dressing  appliances  and 
smelting  plant  attached.  The  Great  Southern  and  Red  King  Mines  lying  near 
together  about  2  miles  south  of  the  town,  furnished  the  great  bulk  of  the  tin 
for  the  first  few  years,  and  subsequently  the  Old  Tornado,  Comet,  Adventure, 
Pandora,  Columbia,  and  many  other  smaller  mines  contributed  largely  to  the 
returns.  In  1890  the  Vulcan  Mine  was  purchased  by  the  present  company,  and 
since  then  has  yielded  the  great  bulk  of  the  tin,  aggregating  for  the  next  ten 
years  5,066  tons  out  of  a  total  of  5,730  for  the  whole  of  this  district.  The 
remaining  mines  all  failed  to  afford  sufficiently  large  bodies  of  ore  when  sunk 
upon  to  allow  of  their  being  worked  to  any  depth.  The  deepest  was  not 
prospected  to  more  than  300  feet  from  the  surface. 

The  total  return  of  stone  for  the  district  for  the  six  years  prior  to  the 
opening  up  of  the  Vulcan  Mine  shows  an  average  of  11.9  per  cent,  tin  from 
about  28,000  tons  of  stone.  The  Vulcan  stone  shows  an  average  of  10.9  per 
cent,  for  about  55,000  tons  of  stone,  llie  great  size  of  the  ore  bodies,  and  the 
richness  of  the  ore  in  this  lode  has  allowed  of  its  being  worked  almost 
continuously  to  the  600-feet  level,  notwithstanding  that  the  lode  has  been 
several  times  completely  lost,  and  only  found  again  by  persistent  prospecting 
at  great  expense. 

The  majority  of  the  lodes  lie  within  a  few  miles  of  the  battery  round 
which  the  township  has  grown  up.     The  country  is  rough  and  hilly,  and  the 
•  making  and  up-keep  of  roads  for  carting  ore  are  expensive  items.    Timber  for 
mining  is  abundant. 
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The  geological  formation  of  the  country  amongst  which  the  lodes  in  luis 
neighbourhood  occur,  is  a  series  of  folded  greywackes,  quartzites,  and  slates. 
These  rocks  strike  generally  about  north  and  south,  dipping  at  high  angles, 
often  almost  vertically.  The  bulk  of  the  ore  deposits  ocoiir  in  the  coarser 
quartzites  and  greywackes.  They  resemble  those  found  in  the  igneous  rocks  in 
die  manner  in  which  lode  material  merges  into  barren  rock  with  no  break  of 
continuity  between  the  two,  and  often  in  the  bunchiness  and  imgniarity  of 
disposition  of  the  ore.  This  latter  character  is  not,  perhaps,  so  marked  or  so 
uniyersal.  The  rock  fractures  seem,  in  the  cases  of  the  sedimentary  beds,  to 
have  been  more  continuous  or  more  closely  set  together,  and  to  have  allowed 
of  the  formation  of  more  continuous  shoots  of  ore. 

The  lode  material  is  generally  a  fine-grained  green  chloritic  rock,  which 
weathers  to  a  rusty-red  on  the  surface,  thus  giving  an  indication  to  the 
prospector  of  the  presence  of  a  lode.  Under  the  microscope  it  shows  a  complex 
mixture  of  grains  of  green  chlorite  and  coloiurless  quartz,  through  which  are 
scattered  grains  of  magnetite  and  crystals  of  tin,  often  massed  together  in 
bunches  or  along  veins.  This  material  is  evidently  the  result  of  the  alteration 
in  aitu  of  the  original  sedimentary  rock  by  the  ascension  into  it  of  mineralising 
agents  from  below.  The  silicate  minerals  have  been  attacked  and  replaced  by 
secondary  quartz  and  chlorite,  and  the  tin  and  magnetite,  with  lesser  amounts 
of  bismuth  sulphide,  galena,  and  copper  pyrites  have  been  deposited  amongst 
them. 

The  Vulcan  Minb. 

The  Vulcan  Mine  lies  on  the  northern  side  of  Gibb's  Creek,  about  half  a 
mile  below  the  township  of  Irvinebank.  The  outcrop  is  near  the  eastern  edge 
of  a  belt  of  greywacke  rocks,  which  strike  roughly  north  and  south,  and  stand 
almost  vertically.  This  belt  of  coarser-grained  rocks  is  about  5  chains  in 
width,  and  is  bounded  on  the  east  and  west  by  slates  and  schists. 

The  lode  has  been  worked  to  a  depth  of  800  feet  from  a  vertical  shaft  sunk 
on  the  edge  of  the  greywackes,  about  150  feet  south-east  of  the  outcrop  of  the 
lode,  and  by  levels  driven  from  the  shaft  at  depths  of  about  100  feet  apart 

The  size  and  shape  of  the  ore  body  vary  greatly  at  different  levels,  being 
on  an  average  about  40  feet  in  length  by  20  feet  in  breadth,  but  of  very 
irregular  section.    It  has  a  general  dip  to  the  south-west  at  a  steep  angle. 

The  outcrop  was  on  the  eastern  fall  of  a  ridge,  and  was  taken  out  by  shafts 
sunk  on  the  lode,  and  by  an  adit  from  the  side  of  the  hill  about  80  feet  lower 
down.  The  ore  body  at  the  outcrop  measiured  about  38  feet  in  length  by  about 
16  feet  in  width.  The  main  vertical  shaft  was  sunk  from  near  the  entrance  of 
this  adit.  The  shoot  of  ore  went  vertical  to  the  adit  level.  It  then  underlay 
steeply  to  the  west-north-west,  following  the  line  of  strike  of  its  greatest 
length,  and  increasing  gradually  in  size  as  it  was  followed  down.  At  the 
100-feet  level  in  the  shaft  this  lode  had  increased  to  70  feet  in  length  by  25 
feet  in  width.  At  the  200-feet  level  in  the  shaft  a  drive  was  put  in  to  catch 
the  shoot  of  ore  underneath  the  eastern  end  of  the  stope  at  the  100-feet,  but 
failed  to  get  any  tin.  By  the  time  it  had  been  stoped  down  to  the  180-feet  level 
in  the  shaft,  the  ore  body  had  opened  out  to  85  feet  in  length  by  30  feet  in 
width.  It  had  produced  2,357  tons  of  black  tin,  valued  at  £65,784,  from 
some  15,020  tons  of  stone,  within  260  feet  of  the  outcrop,  and  had  paid  £28,013 
6s.  8d.  in  dividends. 

Owing  to  l^e  splendid  standing  quality  of  the  ground  in  which  this  lode 
occurs,  the  stope  from  which  this  ore  was  taken  remains  as  an  enormous 
cavern,  85  feet  in  length  by  30  feet  in  width  at  its  base,  and  tapering  up  from 
the  180-feet  level  to  the  adit  level  180-feet  above,  where  the  roof  has  been 
timbered  over  to  prevent  accidents  from  falling  stones. 
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Ab  the  ore  was  carried  down  from  about  the  180-feet  level,  it  graduallj 
gaTB  pteoe  to  barren  rock.  The  splendid  ore  body  worked  above  gave  place 
to  a  few  small  veins  of  ore  leading  down  in  different  directions. 

One  small  vein  was  followed  down  on  the  western  end  of  the  shoot  bj  a 
winze  dipping  steeply  to  the  south-west.  This  vein  gradually  opened  out  till 
at  the  280-feet  level — ue.,  100  feet  lower  down,  it  measured  38  feet  in  length 
by  26  feet  in  width.  Below  this  point  it  decreased  again  rapidly,  and  "  petered 
out "  entirely  at  the  320-feet  level.  A  second  narrow  vein  leading  down  from 
the  north-eastern  side  of  the  180-feet  level  was  followed  down  by  a  winze, 
dipping  at  about  45  d^rees  to  the  north-east,  at  a  depth  of  about  100  feet 
below  the  floor  of  the  big  stope ;  this  opened  out  in  another  large  body  of  ore 
which  has  since  been  worked  in  the  adjoining  Tornado  Mine. 

An  attempt  was  made  to  pick  up  the  lode  that  "  petered  out "  at  the 
320-feet  level  in  the  Vulcan  Mine  by  a  drive  from  the  shaft  at  the  400-feet 
level.  This  drive  failed  to  find  tin  under  the  stopes  above,  and  a  great  deal  of 
prospecting  by  means  of  drives  and  crosscuts  in  all  directions  was  carried  out 
before  tin  was  again  found.  Meanwhile,  the  ore  was  supposed  to  have 
completely  "  duffered  out." 

By  a  lucky  innpiration,  a  crosscut  was  put  in  in  a  south-westerly  direction, 
at  a  point  where  there  had  been  a  strong  inrush  of  water  in  driving  the  level, 
along  an  open  seam  in  the  country  rock,  the  manager  suspecting  that  the 
flooding  of  water  had  some  connection  with  the  existence  of  an  ore  body  in  that 
direction.  Tin  was  first  found  60  feet  west  of  where  the  lode  was  lost  at  the 
higher  level.  This  prospect  soon  opened  out  into  a  body  of  ore  40  feet  in 
length  by  16  feet  in  width.  On  being  stoped  upwards  it  rapidly  contracted, 
and  40  feet  above  the  level  had  completely  "  petered  out." 

The  ore  body  at  the  400-feet  level  had  thus  apparently  shifted  bodily  60 
feet  to  the  south-west,  with  no  aparent  connection  between  the  two  portions, 
except  the  open  seam  along  which  the  circulation  of  the  water  was  taking  place. 

Below  the  400-feet  level  the  ore  body  has  been  stoped  underhand  to  the 
550-feet  level,  and  has  turned  out  an  enormous  quantity  of  ore.  At  the 
500-feet  level  the  still  open  stope  measured  150  feet  in  length  by  25  feet  in  width, 
and  forms  a  cavern  extending  up  to  above  the  400-feet  level,  and  completely 
open.  At  the  550-feet  level  two  horses  of  barren  rock  have  come  in,  dividing 
the  shoot  into  three  ore  bodies.  The  centre  body  has  been  followed  down  by  a 
winae  to  the  600-feet  level  from  the  shaft,  down  which  the  ore  is  passed,  and 
around  which  it  is  being  stoped. 

At  the  600-feet  level  it  was  about  50  feet  in  length  by  30  feet  in  width, 
and  has  been  stoped  downward  for  another  40  feet,  when  it  completely 
disappeared  in  the  country  rock.  The  western  shoot  of  ore  from  the  big 
stope  was  followed  as  a  narrow  pipe  to  the  750-feet  level,  where  it  was  met  by 
a  prospecting  drive  from  the  shaft,  which  has,  however,  failed  to  pick  up  any 
large  bodies  of  ore.  A  small  body  met  with  under  the  eastern  end  of  the  big 
stope,  on  being  stoped  up  for  a  short  distance,  was  lost  in  the  rising,  which 
was  broken  through  into  the  main  central  lode  at  the  550-feet  The  shaft  is 
now  being  sunk  to  the  900-feet  level,  with  the  object  of  prospecting  for  a 
continuation  of  the  ore  bodies  at  that  depth. 

Since  its  purchase  by  the  present  company  this  mine  has  turned  out>  up  to 
the  end  of  1903,  5,964  tons  of  bhick  tin,  of  a  value  of  some  £220,000,  from 
above  a  depth  of  800  feet.  For  the  first  five  years  diuring  which  the  large  ore 
body,  from  the  surface  down  to  the  180-feet  level  in  the  shaft,  or  260  feet  below 
the  outcrop,  was  being  worked,  the  ore  averaged  about  16  per  cent,  of  black 
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tin  for  about  17,000  tons  of  stone.  Since  then  it  has  areraged  about  9  per 
cent,  of  tin-  for  about  38,000  tons  of  stone.  Some  of  this  latter  stone  has, 
however,  been  taken  from  that  left  in  the  upper  stopes  as  too  poor  to  be 
profitable. 

Thb  Tornado  Mins. 

The  ore  body  worked  in  the  Tornado  Mine  is  apparently  an  offshoot  of  that 
worked  in  the  Vulcan  Mine.  The  vein  of  ore  found  dipping  off  to  the  north-east 
at  the  200-feet  level  in  the  latter  mine,  on  being  followed  down  by  means  of  a 
winze,  opened  out  into  a  body  of  ore  some  100  feet  in  length  by  20  feet  in 
width,  and  40  feet  in  height.  This  ore  has  all  been  removed  and  crushed, 
leaving  an  immense  cavern  with  walls,  roof,  and  floor  of  barren  greywacke 
rock.  The  Mines  Department  records  do  not  show  the  amount  of  ore  that  haa 
been  taken  out  of  this  hole,  but  it  must  have  been  very  considerable.  Below  it 
no  tin  has  as  yet  been  found,  though  at  100  feet  below  a  level  has  been  driven 
right  under  the  ore  body,  and  crosscuts  have  been  put  in  right  and  left,  at 
different  points,  in  attempts  to  again  pick  up  the  lode. 

During  1901  and  1902  the  amount  of  stone  crushed  was  5,212  tons  for  a 
return  of  425  tons  of  black  tin,  worth  £18,490. 

Thb  Grbat  Southrrn  Mine. 

This  mine  lies  about  2  miles  south  of  Irvinebank.  The  workings  extend 
along  the  outcrop  of  a  belt  of  greywacke  striking  about  north  and  south,  and 
dipping  to  the  west.  On  either  side  are  fine-grained  compact  slates.  The  main 
outcrop,  on  which  the  main  shaft  has  been  simk  to  a  vertical  depth  of  390 
feet,  was  taken  out  on  the  surface  as  a  huge  quarry  from  which  a  great 
quantity  of  ore  was  obtained.  The  shaft  followed  this  body  down  in  the 
underlie,  dipping  north-west  at  about  60  degree  from  the  horizontal.  At  the 
130-feet  the  lode  was  lost  in  the  shaft,  which  passed  into  the  underlying  slates. 
The  mine  lay  deserted  for  many  years,  but  latterly  the  shaft  has  been  again 
sunk  to  the  290-feet  level,  and  crosscuts  to  the  north-west  at  the  190  and  290- 
feet  levels  found  the  lode  at  about  30  feet  from  the  shaft,  and  a  large  amount 
of  ore  has  been  stoped  out  between  these  two  levels.  A  subsequent  drive  from 
the  350-feet  level  found  a  little  ore,  which  was  followed  down  for  another 
40  feet,  but  proving  too  poor  to  be  payable  the  mine  was  closed  down  in 
September  of  this  year. 

Since  1901  2,359  tons  of  stone  have  been  crushed  from  these  lower  levels 
for  a  return  of  110  tons  18  cwt.  of  tin,  valued  at  £6,268. 

About  150  feet  north  of  these  workings  another  shoot  of  ore,  known  as 
No.  3  workings,  was  worked  down  to  the  130-feet  level,  and  connected  by  a 
level  with  the  main  workings,  and  seems  to  have  afforded  large  bodies  of 
ore,  judging  from  the  open  stopes  still  left. 

Numerous  shallow  workings  extend  north  from  the  Great  Southern  shaft 
to  the  Red  King  Mine,  some  14  chains  off.  These  workings  lie  along  a  line 
roughly  parallel  with  the  strike  of  the  gre3rwacke  rocks  in  which  they  occur. 
At  the 

Rbd  Kino  Minb 

the  lode  has  been  worked  for  a  length  of  about  200  feet  down  to  the  lowest 
le^el  at  which  an  adit  could  be  brought  in  from  the  base  of  the  hill.  Below 
this  level  the  lode  appears  to  have  been  tost.  The  old  workings  show  that  the 
course  of  this  lode  was  here  more  regular  in  character  than  is  usual  in  this 
district.     They  can  be  followed  between  the  still  standing  walls  of  the  lod«. 
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wliich  dip  a  little  to  the  west,  and  are  in  places  10  or  12  feet  apart,  and  show 
evidence  that  the  lode  material  was  almost  entirely  confined  to  the  space 
between  them.  There  are  no  official  records  of  the  amount  or  value  of  the 
ore  crushed. 

Thb  Advbnture  Minb. 

The  Adventure  Mine  lies  about  3  miles  due  south  from  Mount  Albion,  and 
about  the  same  distance  south-west  of  Irvinebank.  The  lode  outcrops  along  the 
top  of  a  ridge  striking  in  a  north-westerly  direction,  and  dipping  at  about  60 
degrees  to  the  south-west.  It  has  been  worked  down  to  a  depth  of  about  150 
feet  below  the  top  of  the  ridge  by  means  of  two  shafts  and  an  adit  at  the  lower 
levels.  The  lode  material  is  a  soft  white  kaolin  binding  fragments  of  rock^ 
and  occurs  between  two  well-defined  walls  which  run  in  a  regular  course,  aud 
are  apparently  the  result  of  faulting  of  th^  country  rock.  There  were 
apparently  two  shoots  of  rich  ore,  the  north-eastern  one  of  which  was  taken  out 
for  a  length  of  about  60  feet,  and  to  a  depth  of  about  240  feet,  where  it  was 
met  by  the  tunnel.  The  south-eastern  shoot  was  worked  down  to  about  the 
200-feet  level.  There  is  no  official  record  of  the  amount  of  stone  crushed  or 
tin  obtained  from  this  mine. 

Thb  Pandora  Minb. 

At  this  mine  a  body  of  ore  was  found  outcropping  on  the  southern  slope 
of  a  hill  some  3  miles  north  of  the  township,  in  greywacke  rock,  close  to  its 
junction  with  slates,  both  dipping  at  an  angle  of  about  45  degrees  in  the 
direction  of  the  slope  of  the  hill,  with  the  slates  overlying  the  greywackes. 
The  slope  of  the  hill  was  about  60  degrees,  and  the  ore  was  worked  down  hy 
means  of  shafts  and  an  adit  from  the  side  of  the  hill  as  it  followed  the  junction- 
line  between  the  two  rocks,  to  a  depth  of  about  120  feet  from  the  outcrop.  The 
shoot  of  ore  ran  for  about  100  feet  from  the  contact  of  the  shales,  and  is  said 
to  have  given  20  tons  of  10  per  cent,  ore  in  the  last  60  feet  of  sinking. 

None  of  the  mines  in  this  neighbourhood,  except  the  Vulcan  and  Great 
Southern,  were  being  worked  at  the  time  of  the  writer's  visit,  and  as  there  are 
no  official  records  of  the  individual  returns  of  the  various  mines,  it  is  difficult 
to  form  any  opinion  as  to  their  value.  The  facti  however,  that  the  average 
value  of  the  ore  raised  was  nearly  12  per  cent,  shows  that  although  a  great 
many  of  the  shoots  of  ore  were  comparatively  small,  they  must  have  been  very 
remunerative  in  the  shallower  levels. 


(4.)-EUREKA  CREEK  DISTRICT. 

These  mines  were  worked  during  the  years  1^88  to  1893,  and  the  stone 
crushed  at  a  battery  erected  on  Eureka  Creek,  a  little  above  the  Ivanhoe  and 
Eclipse  Mines.  During  the  first  three  years  3,546  tons  of  stone  were  crushed 
for  a  return  of  392  tons  of  black  tin,  of  a  value  of  about  £20,000,  and  an 
average  value  of  about  1 1  per  cent.  tin.  There  are  no  records  of  the  amounts 
crushed  in  1891  and  1892,  but  apparently  there  was  very  little  ore  raised.  The 
mill  was  hung  up  during  the  greater  part  of  1891,  and  the  mines  are  not 
referred  to  in  the  Warden's  report  from  the  field  in  1892.  In  1893,  377  tons 
were  crushed,  and  yielded  54  tons  of  black  tin,  an  average  of  14  per  cent.  By 
this  time  the  best  of  the  easily-obtained  ore  had  been  worked  out,  and  the  mines 
proved  unpayable  at  the  low  prices  then  obtainable  for  tin  without  the 
introduction  of  capital  for  further  development.  The  mill  was  removed  to 
another  portion  of  the  field  in  the  latter  part  of  1893,  and  the  mines  were 
practically  abandoned. 
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In  1899  a  number  of  these  lodes  were  taken  up  again  by  the  Stannary 
Hills  Company,  and  a  20-head  battery  was  erected  on  the  Walsh  River,  5  mile» 
to  the  east.  The  mines  were  connected  by  a  2-feet  gauge  tramline  with  the 
battery,  and  also  with  the  Chillagoe  Railway  line,  at  its  crossing  of  Eureka 
Creek,  14  miles  further  down  the  creek.  The  line  was  completed  in  1902,  and 
the  battery  commenced  crushing  in  August,  1903. 

The  Stannary  Hills  Compact's  Mines. 

The  mines  being  exploited  by  the  Stannary  Hills  Company  lie  in  a  series 
of  greywackes  and  slates  near  the  head  of  Eureka  Creek.  These  sedimentary 
rocks  cover  an  area  about  3  miles  long  and  1  mile  broad,  and  are  surrounded 
on  all  sides  by  granitic  rocks.  The  ore  deposits  are  almost  entirely  confined  to 
tbe  coarser  beds  of  the  series.  The  most  important  lodes  lie  along  the  outcrop 
of  a  belt  of  felspathic  greywacke  standing  vertically  between  beds  of  soft  fissile 
slates.  The  belt  of  greywackes  is  about  800  feet  in  thickness,  and  strikes  in  a 
north-westerly  direction  across  Eureka  Creek.  The  Ivanhoe,  Eclipse,  Monarch, 
Extended,  and  Black  Rock  Mines  lie  along  this  belt  over  a  length  of  about  a 
mile.  They  are  the  only  ones  that  have  been  worked  by  the  present  company. 
Further  south  are  the  Hornet's  Nest  group,  and  other  lodes,  all  apparently  on 
the  same  line  of  outcrop  of  greywacke  rocks. 

The  Ivanhoe  Mine  lies  on  the  southern  bank  of  Eureka  Creek,  the  outcrop 
of  the  lode  being  about  100  feet  above  the  creek  bed.  The  ore  body  had 
been  stoped  out  down  to  the  level  of  the  creek  by  means  of  tunnels  driven  in 
from  the  bank.  These  workings  left  a  pipe-like  excavation  of  roughly  oval 
section,  measuring  from  15  feet  by  9  feet  in  its  narowest  portions  to  20  feet 
by  15  feet  in  its  widest.  A  shaft  was  then  sunk  from  the  surface,  from  a  little 
north  of  the  ore  body  to  a  depth  of  about  200  feet,  and  the  ore  worked  out  to 
that  depth.  The  ore  from  this  working  is  said  to  have  given  a  retium  of 
about  13  per  cent,  of  black  tin. 

The  memorandum-book  of  the  Bischoff-Herberton  Tin  Mining  Company 
showed  that  835  tons  of  ore  were  crushed  from  these  workings  for  a  return  of 
61^  tons  of  black  tin,  showing  an  average  of  7  per  cent.  Other  old  workings 
are  found  along  the  same  belt  of  country,  the  most  important  being  the  Black 
Rock  workings,  lying  some  14  chains  north  of  the  Extended,  and  the  Eclipse 
workings,  some  8  chains  east  from  the  Ivanhoe. 

At  the  290-feet  level  the  ore  body  was  met  with  50  feet  north  from  the 
shaft,  and  was  being  driven  on  at  the  time  of  my  visit.  It  was  then  proved  for 
18  feet  in  length,  and  was  estimated  to  show  2,000  tons  of  9  per  cent,  ore 
above  this  level. 

On  the  Extended  workings,  the  Kitchener  shaft  had  been  sunk  vertically 
a  depth  of  268  feet,  and  joined  with  a  tunnel  660  feet  in  length,  coming  in 
from  the  west  from  the  bank  of  the  Eiureka  Creek.  Ore  was  found  in  this  mine 
at  the  105-feet  level,  18  feet  south  of  the  shaft,  and  for  a  distance  of  15  feet. 
Its  width  was  not  proved.  It  was  estimated  to  be  worth  9  per  cent.  The  ore 
body  had  not  been  found  at  the  180-feet  level. 

The  Extended  shaft,  about  130  feet  north-west  of  the  Kitchener  shaft,  had 
been  sunk  verticall][  to  a  depth  of  186  feet.  The  ore  body  had  been  found  in  a 
drive  about  80  feet  north  from  the  120-feet  level,  and  a  winze  sunk  on  it  for 
60  feet.  At  30  feet  down  it  was  estimated  to  be  70  feet  long  by  40  feet  in 
width.     The  186-feet  level  had  not  reached  the  ore  body. 

The  ore  bodies  in  this  district  resemble  in  character  those  found  at 
Irvinebank.  Their  extreme  irregularity^  both  of  shape  and  in  value,  when 
traced  from  point  to  point,   makes    the    estimation    of    quantities    of    ore 
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developed,  or  likely  to  be  developed  by  further  working,  a  matter  of  th« 
greatest  difficulty,  and  makes  the  opening  up  of  fresh  ore  reserves  well  ahead 
of  the  requirements  of  the  battery  a  sine  qua  non  of  economic  mining  here  as 
elsewhere  in  this  district 

The  proper  opening  up  and  proving  of  their  ore  reserves  by  the  Stannary 
Hills  Company  had,  up  to  the  time  of  the  writer's  visit,  been  subordinated  to 
!he  construction  of  the  tramline  and  the  erection  of  a  battery.  By  the  time 
that  the  battery  was  ready  to  commence  crushing,  the  company's  workings, 
described  above,  were  quite  inadequate  to  keep  it  fuUy  supplied  with  ore,  and 
the  company  was  hampered  by  lack  of  funds  for  further  development  Since 
commencing  crushing  in  August  up  till  the  end  of  the  year,  the  mill  put 
through  6,660  tons  of  stone  for  a  return  of  210  tons  of  black  tin,  showing  an 
average  of  3.71  per  cent  This  return  is  most  disappointing,  considering  the 
high  assays  reported  from  time  to  time,  and  the  capacity  of  the  mill,  which 
should  be  capable  of  putting  through  over  3,500  tons  a  month. 

(6.)— THE  KOORBOORA  DISTRICT. 

These  mines  were  reported  on  by  Dr.  Jack  in  1890.  At  that  time  they  were 
being  prospected  by  Messrs.  John  Moffatt  and  Co.,  of  Irvinebank,  the  ore  being 
packed  into  Irvinebank,  a  distance  of  30  miles,  to  be  crushed.  In  1899  a  mill 
was  erected  near  the  Shakespeare  Mine,  and  crushing  has  been  fairly  continuous 
since  the  beginning  of  1900.  The  Shakespeare  Mine  has  contributed  the  bulk 
of  this  ore,  especially  during  later  years. 

The  ore  deposits  occiu*  in  a  series  of  hardened  sandstones  and  mudstones. 

The  shoots  of  ore  in  this  district  appear  to  be  small,  but  the  average  value 
of  the  ore  is  fairly  high.    They  are,  however,  very  bunchy,  and  hard  to  follow. 

Thb  Shaksspkarb  Mini. 

The  main  ore  body  was  taken  out  to  the  60-f eet  level  for  50  feet  in  length 
by  about  8  feet  in  width.  This  ore  body  dipped  to  the  west,  and  was  met  at 
the  100-feet  level  by  a  crosscut  east  from  the  vertical  shaft,  20  feet  in  length. 
At  this  point  the  ore  body  was  stoped  out  for  30  feet  in  length  by  14  feet  in 
width  and  20  feet  in  height,  but  above  that,  to  the  60-feet  level,  it  was  barren 
of  tin,  or  too  poor  to  work. 

The  crosscut  at  the  200-feet  level  met  a  large  body  of  low  grade  ore,  20 
feet  in  width,  at  80  feet  east  of  the  shaft,  the  lode  having  apparently  turned 
over  to  the  east.    On  the  eastern  wall  a  seam  of  good  tin  was  ready  for  stoping. 

A  second  shaft  215  feet  south  of  these  workings,  passed  through  a  shoot 
of  ore  which  was  taken  out  for  about  20  feet  in  length  and  5  feet  in  width,  down 
to  the  60-feet  level.  Below  this  a  drive  north  from  70  feet  depth  in  the  shaft 
passed  through  the  same  chlorite  formation,  but  here  it  was  barren  of  tin. 

Thb  Portia  Shaft. 

The  Portia  shaft  is  about  300  yards  further  south,  and  followed  down  a 
roughly  circular-shaped  ore  body  to  the  100-feet  level.  The  lode  was  being 
stoped  above  that  level. 

The  battery  here  has  been  kept  going  by  numerous  small  mines  in  the 
neighbourhood,  none  of  which  have  as  yet  developed  any  very  important  bodies 
of  ore.  Since  the  completion  of  the  battery  in  1900  to  the  end  of  1903,  11,598 
tons  of  stone  have  been  crushed  for  a  yield  of  341^  tons  of  black  tin,  valued  at 
XI  9,41 6.  This  gives  an  average  value  of  £1  13s.  6d.  per  ton  for  all  ors 
crushed. 
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(6L)-NSWSLLT0N  DISTRICT. 

Thb  LauncKiOT  Mnn. 

This  mine  was  discovered  about  1895  by  Harrod  Brothers.  It  was  visited 
bj  S.  B.  J.  Skertchly  in  that  year,  when  three  shafts  had  been  sunk  on  the 
lode,  along  a  length  of  about  100  feet»  and  to  depths  of  35  feet,  40  feet,  and  53 
feet  The  lode  had  also  been  traced  for  about  200  feet  north-west  of  the 
workings  by  two  shallow  shafts.  In  1899  the  mine  passed  into  the  hands  of 
a  German  company.  The  ore  shoot  on  which  the  three  shafts  described  by  Mr. 
Skertchly  were  sunk,  has  been  followed  down  by  sinking  the  two  extreme 
shafts  to  the  150-feet  level.  These  have  been  connected  at  that  level,  and  the 
level  continued  along  the  lode  for  200  feet  north-west.  The  ore  shoot  at  the 
150-feet  level  has  proved  continuous  for  a  length  of  about  210  feet  north  of 
the  No.  1  shaft.  It  was  being  stoped  up  from  this  level  at  the  time  of  my  visit, 
and  had  been  carried  up  a  height  of  about  45  feet.  At  the  north-western  end  of 
this  shoot — t.e.,  210  feet  from  the  No.  1  shaft,  the  lode  pinched  out  and  the 
formation  took  a  bend  to  the  west.  It  was  driven  on  to  a  distance  of  270  feet, 
where  the  lode  had  been  followed  down  from  the  surface  by  an  inclined  shaft. 
In  the  stoped-out  ground  the  reef  has  averaged  about  3  feet  in  width,  alid  has 
returned  nearly  12  per  cent,  over  a  length  of  about  200  feet.  Up  to  the  end 
of  1903  the  present  company  had  crushed  4,190  tons  of  stone  for  a  return  of 
494  tons  of  tin,  valued  at  £28,234,  or  an  average  value  of  £6  14s.  7d.  per  ton. 

The  lode  occxirs  in  a  series  of  quartz  and  clay  schists,  and  strikes  parallel 
to  the  bedding.  The  gangue  is  siliceous,  and  the  mineral  is  evenly  distributed 
through  it,  mixed  with  a  considerable  amount  of  copper  pyrites  and  metallic 
bismuth.  Unlike  the  majority  of  the  lodes  in  this  district,  this  lode  runs  with 
a  fairly  regular  course  between  well-defined  walls,  the  lode  material,  or  gangue, 
being  separated  by  well-marked  planes  of  division  from  the  barren  country 
rock  on  either  side.  The  present  company  have  continued  the  No.  2  shaft  to 
the  200-feet  level,  and  are  developing  the  lode  at  that  depth. 

OtHXR  LoDBS  NBAIl  NSWSLLTON. 

South  of  the  Laimcelot  Mine  are  several  other  lodes  which  have  as  yet 
received  very  little  attention,  but  have  lately  been  secured  by  the  Laimcelot 
Company,  and  will  shortly  be  developed.  Of  these  the  most  important  are  the 
Freehold  lode,  about  half  a  mile  further  south,  and  the  Magnum  Bonum  lode, 
about  3  miles  to  the  south. 

(7.)— COOLGARRA  DISTRICT. 

These  lodes  were  prospected  in  the  early  years  of  the  field,  parcels  of 
picked  ore  being  bagged  and  sent  away  to  distant  batteries.  In  1885  a 
battery  was  erected  on  Return  Creek,  and  during  the  next  four  years  3,845 
tons  of  stone  were  crushed  for  a  yield  of  272  tons  of  tin,  an  average  of  7  per 
cent.  The  mines  remained  unworked  from  1889  till  1899,  when  the  Coolgarra 
Company  was  formed  to  take  over  most  of  the  mines  in  the  neighbourhood, 
and  the  erection  of  a  new  10-head  battery  was  put  in  hand.  Crushing 
commenced  in  January,  1901,  and  proceeded  continuously  till  September,  1903. 

The  lodes  at  Coolgarra  lie  in  the  sedimentary  rocks  close  to  their  contact 
with  granite  porphyry.  The  main  producers  since  the  present  company  began 
work  have  been  the  Alhambra  Nob.  1  and  2.  At  the  time  of  the  writer's  visit 
the  Alhambra  No.  2  was  the  only  mine  being  worked,  the  remaining  mines 
having  all  been  closed  down. 

The  Alhambra  No.  2  is  situated  on  tiie  western  face  of  a  hill  immediately 
to  the  east  of  the  township,  and  is  connected  by  a  tramline  with  the  mill  on  a 
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branch  of  Return  Creek,  about  half  a  mile  further  east.  The  ore  occurs  aa 
irregular  shoots  in  a  coarse  grejwacke,  similar  to  that  found  at  Inrinebank  and 
Stannary  Hills. 

The  old  workings  followed  the  best  of  the  ore  down  to  the  110-feet  level,, 
and  a  tunnel,  driven  in  a  north-north-east  direction  from  the  side  of  the 
hill,  met  the  bottom  of  the  shaft.  At  this  point  the  present  company  took  out 
a  large  body  of  ore.  A  drive  put  in  to  the  north-west  met  another  large  body 
in  40  feet,  which  was  worked  out  as  a  large  open  cavern  40  feet  in  length  by 
20  feet  across,  extending  to  the  surface,  and  which  furnished  the  greater  portion 
of  the  crushiugs  in  1902  and  1903. 

To  meet  this  shoot  of  ore  at  a  greater  depth  No.  3  shaft  was  sunk  about 
125  feet  north-west  of  the  old  shaft,  but  after  40  feet  of  stoping  underhand  the 
No.  2  shoot  gave  out  altogether,  and  was  replaced  by  greywacke  rock. 

No.  3  shaft  was  sunk  to  the  255-feet  level,  and  a  crosscut  to  the  south-east, 
towards  the  No.  2  shoot,  met  a  third  shoot  of  ore  within  a  few  feet  of  the  shaft. 
On  stoping  up,  this  body  of  ore  became  too  poor  to  work,  but  was  carried  down 
and  met  again  in  sinking  the  shaft  another  100  feet.  The  ore  body  was  being 
risen  on  from  the  356-feet  level  at  the  time  of  my  visit,  but  proved  too  poor 
to  be  profitably  worked,  and  the  mine  was  closed  down  in  September.  During 
1903  this  mine  crushed  7,726  tons  of  stone  for  127  tons  of  black  tin,  valued  at 
£5,595,  or  an  average  of  under  14s.  per  ton. 

During  1902  the  amount  crushed  was  11,158  tons  for  257  tons  of  black 
tin,  valued  at  £13,800,  or  an  average  of  £1  is.  8d.  per  ton.  About  9,019  tons 
of  this  came  from  the  AUiambra  No.  2  Mine,  the  remainder  being  from  the 
Alhambra  No.  1,  or  small  lots  from  some  dozen  or  so  other  lodes  scattered 
about  the  district. 

The  Alhambra  No.  1  is  a  lode  of  the  same  character,  lying  on  the  same 
belt  of  rocks,  north  of  the  No.  2.  It  furnished  about  1,090  tons  of  ore  during 
1902,  but  was  then  abandoned. 

The  remaining  mines  of  the  district  afforded  small  parcels  of  somewhat 
richer  ore  than  that  found  on  the  Alhambra  Hill,  but  none  of  them  have  been 
worked  to  any  depth. 

(8.)-THE  SMITH'S  GREEK  MINE. 

This  mine  was  discovered  during  the  latter  part  of  1901.  It  lies  about  T 
miles  north-west  of  Mount  Garnet  township,  and  1  mile  north  of  the  railway 
line  to  that  place. 

The  country  rock  is  a  grey  biotite  granite,  which  shows  evidence  of 
weathering  at  100  feet  below  the  surface  in  the  main  shaft.  The  main  ore 
body  has  been  taken  out  at  the  100-feet  level  for  78  feet  in  length  by  35  feet 
in  width.  It  has  been  worked  from  a  vertical  shaft  sunk  a  few  feet  south-west 
of  the  main  shoot  of  ore,  and  by  a  main  drive  which  runs  parallel  to  the 
course  of  the  lode  at  the  100-feet  level  in  a  south-easterly  direction.  Crosscuts 
were  driven  at  distances  of  60  feet  and  110  feet  south-east  of  the  shaft  in  a 
north-easterly  direction  to  intersect  the  lode. 

At  a  point  182  feet  south-east  of  the  shaft  the  level  takes  a  bend  to  the 
east  and  meets  another  ore  body,  which  at  this  level  was  31  feet  in  length 
by  16  feet  in  width.  This  body  had  been  followed  down  by  an  inclined  shaft 
from  the  outcrop. 

The  main  shoot  was  being  worked  by  overhand  stoping  from  the  100-feet 
level  up,  at  the  time  of  the  writer's  visit,  and  has  since  been  all  taken  out  to 
the  surface.    On  sinking  a  winze  on  this  ore  body  at  the  100-feet  level  the  ore 
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passed  into  granite  rock,  and  the  shares  iniinediately  collapsed.  .The  company 
have  since  stoped  out  all  the  ore  above  the  100-feet  level,  and  have  no  reserves 
of  ore  developed  below.  They  have  since  commenced  to  sink  their  shaft  and  to 
<rro6scut  at  different  levels,  with  a  view  of  prospecting  for  fmther  deposits  of 
ore.    Meanwhile,  the  mill  is  idle  till  fmlher  supplies  can  be  found. 

The  ore  in  this  mine  occurs  as  coarse  grains  of  tin  through  the  altered 
granite  rock.  In  all,  some  18,764  tons  of  stone  have  passed  through  the  mill 
for  a  yield  of  585  tons  of  black  tin,  valued  at  £41,093.  A  considerable  portion 
of  this  tin  was  obtained  from  the  sluicing  and  subsequent  crushing  of  the 
surface  sheddings  from  the  lode.  As  there  is  no  separate  return  of  the  amount 
so  derived  the  returns  are  vitiated  as  an  index  of  the  value  of  the  ore  mined. 
The  above  figures  give  an  average  of  3.12  per  cent.,  but  the  actual  value  of  the 
lode  material  must  have  been  considerably  less. 

The  history  of  the  sudden  collapse  of  this  mine  in  public  estimation  is  an 
example  of  the  effects  of  not  attempting  to  keep  development  of  fresh  ore 
reserves  well  ahead  of  the  extraction  of  that  already  in  sight.  The  evil  effects 
in  this  case  have  been  somewhat  mitigated  by  the  setting  aside  of  a  small 
reserve  in  cash,  which  is  now  available  for  further  prospecting. 

(0.)— CALIFORNIA  CREEK  AND  REID'S  CREEK  LODES. 

A  battery  was  erected  on  California  Creek,  just  below  the  present  crossing 
of  the  railway  line  to  Moimt  Garnet,  in  1888,  but,  according  to  the  warden's 
report  for  the  following  year,  the  crushings  were  too  poor  to  be  profitable,  and 
the  mines  were  closed  down.  The  lodes  lie  about  a  quarter  of  a  mile  to  the 
west,  and  were  connected  with  the  battery  by  tramline.  They  occur  near  the 
eastern  edge  of  a  patch  of  greywacke  rocks,  close  to  their  junction  with  the 
granite,  and  the  remains  of  several  old  shafts  and  poppet  heads  are  still  to  be 
Keen.  There  are  no  records  of  the  crushings  from  these  lodes.  At  Reid's 
Creek  the  lodes  were  in  granite. 

The  Village  Blacksmith  Lode. 

The  Village  Blacksmith  lode  outcropped  on  the  northern  face  of  a  hill 
above  Reid's  Creek.  Two  tunnels  were  put  in  along  the  lode,  the  eastern  at  a 
slightly  lower  level  than  the  western,  and  the  ground  between  has  been  all 
stoped  out.  The  tunnels  are  about  40  feet  apart,  and  go  in  for  about  50  feet. 
The  ore  in  this  lode  lay  along  a  fiat  seam  in  the  granite,  apparently  a 
contraction  fracture  caused  by  the  shrinking  of  the  granite  during  cooling.  It 
was  cut  off  along  the  line  of  the  eastern  tunnel  by  a  vertical  joint  plane,  but  tin 
is  still  showing  on  the  other  side  of  this  break,  and  should  be  worth  prospecting. 
The  ore  occurs  as  an  altered  form  of  the  granite,  splashed  through  with 
crystalline  tin.    It  is  said  to  have  been  very  rich. 

Within  the  last  year  several  promising-looking  deposits  have  been  found 
in  this  neighbourhood,  but  at  the  time  of  the  writer's  visit  they  were  in  too 
undeveloped  a  state  to  allow  of  any  opinion  being  formed  as  to  their  value. 


By  Anthority:  Okohgk  Akthus  Vaughan,  Goyernment  Printer,  WUliam  stzeet,  Brisbane. 
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Qeological  Survey  Office, 

Brisbane,  27th  April,  1904. 

SiB, — I  have  the  honour  to  forward  for  publication  a  Report  by  Mr.  Ball 
entitled  "  Notes  on  Wet  Processes  of  Copper  Extraction,  with  Special  Reference 
to  Queensland  Ores." 

The  paper  contains  much  useful  information  compiled  from  various 
publications,  and,  although  it  does  not  pretend  to  be  exhaustive  by  any  means, 
it  will  be  a  general  guidd  to  the  wet  processes  of  copper  extraction  so  far  as 
tbey  may  be  applied  to  Queensland. 

I  very  much  desired  a  bibliography  of  the  subject  to  be  incorporated 
with  the  paper,  not  only  of  those  works  consulted,  but  those  which  were  not 
available  to  ns  and  those  which  time  did  not  permit  being  consulted;  but,  as 
this  would  cause  some  delay  in  its  issue,  it  was  deemed  advisable  to  leave  the 
bibliography  for  some  future  publication. 

A  critical  discussion  of  its  contents  may  be  anticipated  after  publication  ; 
but  due  allowance  must  be  made  of  the  fact  that  the  compilation  has  of 
necessity  been  hurriedly  performed,  and  that  such  work  is  not  quite  on  the 
lines  laid  down  for  the  work  of  a  geological  surveyor. 

I  have,  «fcc., 

B.  DIJNSTAN, 
Acting  Government  Geologist. 
The  Under  Secretary  for  Mines. 
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WET  PROCESlSElS   OF  COPPER   EXTRACTION. 


WITH  SPECIAL  REFERENCE  TO  QUEENSLAND  ORES. 


I.  -Introduction^ 

Renewed  interest  haj»  of  late  been  taken  in  the  copper  ores  of  the  Qoncurry 
district,  and  inquiries  have  been  made  as  to  the  best  method  of  treating  them. 
Wet  processes  have  been  brought  under  notice  hj  miners  having  during  the  past 
couple  of  years  treated  the  cupriferous  waters  of  the  Dee  River  below  tfie  ACount 
Morgan  works  (where  copper  is  now  saved  by  the  company)  and  by  trials  made 
with  ores  from  the  Chillagoe  district.  Consequently,  brief  descriptionH  of  the 
different  wet  processes  which  are  practised  in  other  parts  of  the  world,  and  which 
are  most  likely  to  be  suitable  for  Queensland  ores,  have  been  prepared. 

In  the  following  pages,  after  mentioning  some  of  the  Queensland  deposits 
available  for  wet  processes,  will  be  given  in  detail — the  various  copper  ores  likely 
to  be  treated,  the  preparation  necessary  for  the  various  ores,  and  the  processes 
for  dissolving  the  copper  salts,  followed  by  the  methods  of  precipitating  the 
copper  or  its  salts,  together  with  brief  notas  on  its  subsequent  treatment  In 
no  case  is  a  single  process  fully  described  under  one  heading,  and  therefore  in  a 
summary  all  the  processes  are  either  briefly  described  or  graphically  repre- 
sented. The  electrolytic  methods  of  extracting  copper  are  not  referred  to  in 
detail,  as  the  cost  of  installation  and  the  absence  of  water  power  seem  to  prohibit 
their  use  in  Queensland. 

A  few  details  on  plant,  construction,  treatment,  and  costs  are  given  under 
the  concluding  remarks,  but  these  are  matters  that  will  have  to  be  determined  in 
each  particular  case  by  the  metallurgist  in  charge.  Very  little  has  been  written 
concerning  the  cost  of  construction,  and  the  items  will  therefore  require  to  be 
determined  when  the  amount  of  ore  to  be  tre«.ted  and  the  process  to  be  employed 
are  decided  on. 

In  compiling  the  following  notes  references  have  been  made  to  the  following 
pubhcations  :  — Schnabel  and  Louis'  ''  Handbook  of  Metallui^/'  the  volumes  of 
the  "  Mineral  Industry,"  ESssler's  '*  Hydro-metallxirgy  of  Copper,*  Phillips  and 
Bauerman's  "  Elements  of  Metallurgy,"  '*  The  Journal  of  the  Society  of  Chemical 
Industry,"  and  "Tlie  Engineering  and  Mining  Journal." 

1— fflSTORY. 

The  hydro-metallurgical  treatment  of  copper  ores,  first  employed  in  connec- 
tion with  the  recovery  of  copper  by  precipitation  from  mine  waters,  has  been 
practised  for  centuries,  but  only  came  into  prominence  in  the  latter  part  of  the 
nineteenth  century.  There  are  now  numerous  processes  differing  in  detail,  but- 
alike  in  broad  principle — ^viz.,  rendering  the  copper  in  the  ore  suitable  for 
solution  (by  oxidising  or  chloridising),  dissolving  the  copper  salt«  in  suitable 
solvents  (sulphuric  acid,  hydrochlwic  acid,  ferrous  chloride,  Ac.),  precipitating 
the  copper  (by  metallic  iron,  sulphuretted  hydrogen,  milk  of  lime,  <fec.),  reducing 
the  precipitate  to  metallic  copper,  and  refining  the  same  (in  the  dry  way). 
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At  Rio  Tiuto,  Spain,  wliere  leaching  proceseee  have  been  nio»t  fully 
developed,  natural  oxidation  was  first  employed  :  then  heap  roasting :  and  now 
lixiviation  with  brines  is  practised  for  the  poorer  ores,  while  the  richer  ores  are 
smelted. 

2— APPUCABILITY. 

(a)    GrBNBRAL. 

Wet  processes  are  employed  for — 

(i.)  Very  poor  ores  and  the  by-products  (containing  in  exertional  ca«es 
as  little  as  ^  to  1  per  cent,  copper),  treated  or  obtained  in  connection 
with  the  inanufactui-e  of  sulphuric  acid  and  iron ; 

(ii.)  Poorer  siliceous  copper  ores,  free  from  lime,  magnesia,  ferrous  oxide, 
and  manganese. 

'J*hey  are  si)ei5ially  applicable  fur  pyritic  ores  so  low  in  copper  that  tliey 
could  not  l)e  profitably  smelted  ei titer  directly  or  after  roasting,  but  they  are  not 
suited  to  pyritous  ores  high  in  copper,  which  therefore  go  to  the  smelter.  Wet 
processes  have  been  used  for  the  tailings  obtained  in  the  mechanical  concentration 
of  ores,  but  it  is  considei^  l)etter,  if  leaching  is  to  be  used  at  all,  to  leach  the 
whole  of  the  ore  without  any  concentration.  Mr.  Peters,  one  of  the  greatest 
authorities  on  copper  smelting,  places  the  matters  thus^ :  — 

The  slow  Kio  Tinto  method  of  leaching  is  tho  inotft  favourable  of  the  proeosde^  for 
treating  low  grade  siliceous  ores  where  the  maprnitude  of  the  ore  bodies  and  the  financial 
resources  permit  of  its  ^plication.  An  intimate  knowledge  of  local  conditions  and  co3tt». 
wide  technical  experience  with  modern  lixiviatioii  plants  and  long  and  careful  experiment^ 
on  an  extensive  scale  on  the  ore  to  be  treat^nl  can  alone  decide  the  method  to  be  chosen  in 
any  case.    The  only  definite  rule  given  is  to  crush  the  ore  dry  and  roast  it  before  lixiTiation. 

Ml*.  Peters,  however,  in  the  above  article,  apparently  overlooks  ih&  new 
processes  of  Neill  and  Van  Arsdale,  which  have  every  likelihood  of  coming  into 
extensive  use. 

The  product  of  most  of  the  wet  pix>cesses  is  simply  an  impure  metal,  and  in 
their  case  the  treatment  would  recdly  be  equivalent  to  a  concentration.  In 
certain  other  eases  (notably  Neill's)  the  product  is  an  almost  pure  copper. 

(6)  AvAiLABLB  Deposits  in  Qubbnbland. 

The  wet  methods  of  extraction  appear  to  be  specially  applicable  to  the  ores 
of  many  localities  in  tliis  State>  of  which  the  following  are  instances :  — 

Cloncurry^ — The  great  obstacle  to  smelting  at  Cloncurry  is  the  absenoe  of 
a  coke  fuel,  and  the  want  of  a  railway  to  the  coast  has  prevented  the  exportation 
of  any  but  the  very  richest  ores. 

The  dei)08its  lie  in  various  directions,  from  1  to  80  miles  distant  from  the 
township,  necessitating  separate  treatment  woiks  for  each  group.  They  vary 
in  width  from  10  feet  to  50  feet.  At  Hampden  Mine  is  a  belt  of  cupriferous 
slates  200  feet  wide  and  40  chains  long.  The  lengths  of  the  bodies  have  not  yet. 
been  determined,  and  Mr.  Cameron  considers  much  additional  prospecting 
neoessaary.    The  surface  ores  are  mixtures  of  carbonates  and  oxides  in  a  silioeoiw 


'  "Treatment  of  Low  Grade  Siliceous  Ores.*'  By  Ed.  D.  Peters,  in  Min.  Ind.,  Vol. 
XI. ;  also  in  "  Engineering  and  Mining  Journal.*' 

"  Reports  on  the  Geological  Features  of  Part  of  the  District  to  be  traversed  by  the 
proposed  Transcontinental  Railway.  By  Robert  L.  Jack,  Bris.  By  Auth. :  1885.  G.S  Q. 
Publication  No.  136. 

-  Reoeiftt  Developments  in  the  Ck>pper  Mining  Industry  in  the  Cloncurry  Distrioi.  By 
Walter  E.  Cameron.  B.A..  Bris.    By  Auth. :  1900.    G.S.Q.  Publication  No.  153. 
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<^gue,  and  therefore  specially  suitable  for  wet  treatment^  and  by  the  time 
rhoT  have  been  exhausted  sufficient  modificationK  will  have  been  introduced 
into  the  plant  for  the  sulphides  to  be  treated. 

Timber  is  not  very  abundant  over  the  district  as  n  whole,  but  there  seems 
to  be  sufficient  for  roasting  purposes. 

ChUlagor,'^ — ITie  surface  ores  of  this  large  district  are  oxides  and  carbonates 
in  a  ferruginous  matrix,  and  they  and  the  poorer  sulphides  would  probably  give 
good  reoults  with  wet  processes.  In  fact,  teats  have  already  been  made  by  the 
directors  of  Tartana,  Limited,  proving  that  the  copper  in  their  ore  may  be  leached 
without  crushing  smaller  than  three  inches  diameter. 

WaisonvilleJ — In  the  Nortli  Australian  Mine  cop})er  is  developed  somewhat 
t'xtensively  in  slates. 

Kangaroo  Hilh.^ — ^The  feature  of  the  copper  ore  is  the  high  silver  contents 
— 10  oz.  silver  per  unit  copper.  Deposits  up  to  12  feet  of  carbonates  and  oxides 
in  a  uliceoua  matrix  (Mount  Thekla)  are  found,  passing  in  depth  into  copper, 
lead,  and  zinc  sulphides. 

Moonmera.^ — A  deposit  of  breccia,  with  distributed  carbonates,  sulphide, 
and  native  copper,  several  feet  wide.     The  mine  is  convenient  to  railway. 

Mount  Morgan. — At  Mount  Morgan  the  iron  pyrite  of  the  upper  levels  is 
becoming  cupriferous  in  the  lower  workings,  and,  after  treatment  by  chlorination 
for  gold,  the  copper  is  now  l)eing  precipitated.  There  is  really  a  possibility  of 
the  great  gold  mine  yet  producing  large  quantities  of  low-grade  copper  ore,  the 
metal  in  which  may  l>e  saved  by  wet  processes  by  modifications  in  the  present 
plant  and  working. 

The  copper  deposits  at  Mount  Perry'  and  Peak  Downny  owing  to  their 
comparative  srnallness  and  richness,  are  not  specially  available  for  wet  treatment, 
but  are  more  suitable  for  smeltinp:. 

Many  Peaks. — The  Many  Peaks  ores  are  in  many  points  similar  to  those 
of  Rio  Tinto.  The  sulphides  are  massive  and  low  in  grade.  The  copper  is 
readily  leached  out  without  the  necessit}'  of  roasting,  and  without  decomposi- 
lion  of  the  pyrite.  The  Many  Peaks  deposits  seem  to  be  somewhat  bunchy, 
varying  from  a  few  feet  up  to  ten  feet  in  thickness :  while  the  copper  content's 
are  about  4^  per  cent.^ 

Glassford  GreeJfi. — The  Glassford  Creek  deposits  are  low  in  grade,  but 
magnetic  sepnnition  followed  by  smelting  should  give  the  best  results.  It 
would  not  be  possible  to  roast  the  ores  as  mined  without  a  ruinous  expenditiure 
of  fuel,  and  tlie  ores  are  not  suitable  for  leaching. 


>  Op.  cit.    (J.S.Q.  Publication  No.  167. 

*  Tin  Minos  of  Watsonvillc.  Ac.  By  Sydney  IJ.  J.  Skertchlv,  Brid.  By  Auth. :  1897. 
O.8.Q.  Publication  No.  119. 

«  Kangaroo  Hills  Minora!  Field.  By  Walter  E.  Cameron,  B.A..  Bris.  By  Autb. :  1901. 
G.S.Q.  Publication  No.  167. 

*  Annual  Roport  for  y*»ar  1808  of  B.  Diinstaii.    (i.S.Q.  Publication  No.  148. 

^  Since  the  above  was  written,  it.  ban  been  found  that  a  wet  process  is  now  in  operatiom 
at  Mount  Perry  for  the  treatment  of  a  certain  class  of  ore- -the  poorer  siliceous  portion, 
^ch  is  obtained  owing  to  the  impossibility,  because  of  tlio  narrowneifs  of  the  veins,  of 
mining  the  ore  free  from  country  rock. 

"  Annual  Progress  Report     W.  H.  Rands,  1899.    G.S.Q.  Publication  No.  150. 

*  Report  on  Certain  Iron  Ore,  Manganese  Ore,  and  Limestone  Deposits  in  the  Central 
•nd  Southern  Districts  of  Queensland.  By  L.C.B..  Bris.  By  Auth. :  1904.  G.^.Q.  Publi- 
cation No.  194. 
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Silver  Queeriy  Severn  Biver.^ — ^Bunches  up  to  twenty  feet  in  width  of  low- 
gi*ade  and  very  siliceous  copper  lead  zinc  ore.  An  attempt  is  now  being  made 
to  mechanically  concentrate  the  ore,  which  contains :  copper,  1.26  per  cent. ; 
lead,  7  per  cent. ;  zinc,  b.8  per  cent.;  silver,  17  oz.  12  dwt.  per  ton;  and  gold, 
16  gr.  per  ton.  Tlie  Hunt  and  Douglas  Process  {see  under  *'  Solution ") 
seems  to  be  the  most  promising  process  for  this  ore. 

3.— COPPER  ORES. 

The  ores  suitable  for  treatment  by  liydro-metallurgical  methods  may  be 
arranged  under  four  heads : — 

(A.)  Oxides, — These  occur  in  the  weathered  part  of  copper  deposits, 
more  especially  in  the  zone  of  enricliment  near  the  water  level. 
Two  forms  occur  in  nature — (a)  Cuprite  or  Red  Oxide  (CU2O), 
when  pure  containing  88.8  per  cent,  of  copper;  and  (6)  Tenorite, 
Melaconite,  or  Black  Oxide  (CuO),  containing  79.85  per  cent, 
copper. 

(B.)  Carbonates. — Carbonates  are  the  chief  copper  minerals  in  the 
portions  of  ore  deposits  above  water  level.  The  two  forms  are: — 
(a)  Malachite^  or  green  carbonate  (CuC03.CuHa02),  containing  57 
per  cent,  copper;  and  (b)  Azurite,  or  blue  carbona.te  (2CUCO3. 
CUH3O2),  containing  55  per  cent,  copper. 

(C)  Chloride  (or  Ozychloride). — ^This  mineral  occurs  sometimes  in 
considerable  quantity  in  the  weathered  part  of  ore  bodies,  (a) 
Ataeatnite  (CuCl2.CuO.3H2O)  contains  59.4  per  cent,  copper. 

(D.)  Sulphate. — Sulphate  is  a  common  decomposition  product  in  copper 
mines  below  the  water  level,  and,  owing  to  its  easy  solubility,  is 
usually  found  in  the  drainage  water  from  mines.  The  natural 
mineral  is  Chaleanthiie  (CUSO4.5H2O),  containing  25.4  per  cent, 
copper. 

(E.)  Sul phu/ea. — Practically  all  copper  exists  below  water  level  in  the 
form  of  sulphides.  The  sulphide-s  are  by  far  the  most  important, 
though  as  a  rule  much  poorer  in  copper  than  the  oxidised  ores. 
The  minerals  are :  (a)  Chalcodte  or  Copper  Glance  (CU2S),  contain- 
ing 80  per  cent,  copper ;  (6)  Covellite  (CuS),  containing  66  per  cent, 
copper;  (c)  Bomite  or  Erubescite  (^3Cu2S.Fe2S3),  containing  55.6 
per  cent^  copper ;  and  {d)  ChalcopyrUe,  or  Copper  Pjrrite  (CuFeSs), 
containing  34.4  per  cent,  copper.  The  last  is  the  most  common 
and  abundant,  the  others  being  chiefly  secondary  products,  causing 
enrichment,  but  not  as  a  rule  of  any  extent  It  usually  occurs  with 
pyrite  (FeS2),  so  that  the  ore  as  mined  may  contain  far  below  34 
per  cent,  copper,  and  may  sometimes  be  really  only  coppery  iron 
pyrite. 

fit— Preparation  of  the  Ore  for  Sofutfon. 

A -OXIDES. 

Except  in  the  Hunt  and  Douglas  Process,  in  which  it  is  necessary  to 
oxidise  the  cuprous  oxide  to  cupric  oxide  by  moistening  and  exposing  to  the 
atmosphere,  preliminary  preparation  is  not  absolutely  required  if  the  ore 
contain  no  sulphides;  but,  as  already  mentioned,  it  is  held  to  be  advisable  to 
roast  the  ore  in  all  cases,  to  render  it  perviouK  to  solutions,  even  if  it  does  not 
actually  need  the  roast  for  chemical  reasons. 


>  Notes  on  Tiu,  Copper,  and  Silver  Miniiifr  in  the  Stanthorpe  District.    By  L.C.B.. 
Bris.     By  Auth. :  1904.    G.S.Q.  Publication  No.  191 
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B.— CARBONATES. 

[Jsually  no  preliminary  treatment  is  given  beyond  roasting  (necessary  in 
the  Hunt  and  Douglas  Process,  where,  if  CO2  is  not  previously  driven  off,  it 
causes  loss  by  effervescence  during  treatment).  But  the  following  modification 
of  Fulphuric  acid  leaching  comes  under  "  Preparation." 

Kx.:  At  Stadtberge,  in  Westphalia,  an  ore  oooeisting  of  azurite  and  malachite  ia 
quar  '.oee  schist  (containing  a  half  to  two  per  cent  copper)  after  crushing  was  treated  for 
eighi  or  ten  days  with  a  mixture  of  sulphur  dioxide,  nitrous  oxides,  and  wator  Tapour^.  in  a 
brickwork  tank  with  a  false  bottom  of  fire  brick,  and  having  a  capacity  of  65  tons  ore. 

C— CFTLOETDE. 
The  chloride  needs  no  preparation. 

D.- SULPHATE. 
Being  soluble  in  water,  the  sulphate  is  treated  direct 

E -SULPHIDES. 

Being  imperfectly  and  very  slowly  soluble  in  acids  or  ferric  sulphate, 
sulphides  are  converted  into :    Oxide,  sulphate,  sulphite,  or  chloride. 

1.    GONVHR8ION   INTO   OXIDB. 

Acid  (ferrous  chloride,  &c.)  being  required  for  its  8<^ution,  the  oxide  i^ 
only  very  exceptionally  produced  intentionally. 

(i.)  By  Roasting. 

In  the  New  Hunt  and  Douglas  Process  a  preliminary  roast  is  necessary  for 
sulphides,  and  the  temperature  of  the  roast  must  be  carefully  regulated,  fw  if 
too  high  the  oxides  produced  would  not  be  attacked,  and  if  too  low  sulphate  is 
formed,  and  increases  the  consumption  of  iron  during  precipitation. 

Ex. :  At  Ore  Knob,  North  Carolina,  U.S.A.,  the  ore  is  roasted  in  three  haarthed  rever- 
beratories  producing  a  cinder  containing  7.75  per  cent.  CuO  and  4.15  per  cent.  GuSO^. 

2.  C0NVBR8ION  INTO  Sulphate. 
One  of  the  four  following  methods  may  be  employed : — 

^,)  Atmospherie  Oxidation. 

Natural  weathering  can  be  employed  only  for  easily  decomposed  ores, 
owing  to  the  length  of  time  required  to  render  the  whole,  or  even  the  greater 
part^  of  the  copper  soluble.  It  has  been  stated  that  for  this  method  to  succeed 
the  copper  must  be  present  in  the  ore  as  chalcocite  (in  which  form  it  occurs  in 
the  Rio  Tinto  pyrite),  oxidation  in  the  case  of  covellite  being  slow,  and  in  the 
case  of  chalcopyrite  practically  absent.^  The  method  is  the  cheapest  of  all  ait 
far  as  the  treatment  itself  goes,  but  the  length  of  time  required,  the  large 
capital  locked  up,  the  imperfect  extraction,  and  the  uncertain  action  of  new 
ores,  even  when  they  can  be  found  in  sufficient  quantity,  have  prevented  the 
eitension  <^  its  use>.  It  has  been  proposed  to  employ  the  method  at  Many 
Peaks,  in  the  Gladstone  district  The  ore  here  is  a  dense  low-grade  sulphide 
from  which  the  copper  is  readily  leached  without  decomposition  of  the  iron 
sulphida 

Ez:    At  Rio  Tinto,  in  the  Province  of  Iluelya,  Spain,  atmospheric  oxidation  without 
roasting  is  employed.     The  ore,  containing  2.8  per  cent,  copper,  is  broken  to  three-inch 


^  *'  Wet  Methods  of  Extracting  Copper  as  adoptod  at  Rio  Tinto,  Spain."   By  Charles  H. 
Jones,  Am.  Inst.  Min.  Etig.    Fobruary,  1904.    Vide  Knf^.  and  Min.  Journal. 


12 

Kize  and  piled  an  clay  floors  in  heaps  15  to  SO  feet  deep,  containing  several  million^  tons  of 
ore,  "  fines"  and  "  coarse"  being  in  alternate  lavers.  The  heaps  are  ventilated  by  rough  sAoae 
flues  and  chimneys,  and  the  surface  is  cut  up  by  a  system  of  gutters  in  which  the  leaching 
waters,  which  first  start  the  oxidation  and  later  dissolve  the  salts,  are  run.  The  temperature 
is  regulated  to  about  100  degrees  Fah.,  below  which  oxidation  is  slow,  and  above  whidi, 
owing  to  the  generation  of  steam,  free  ingress  of  air  is  prevented. 

Ex. :  At  San  Domingos,  in  Portugal,  two  and  a-half  to  three  per  cent,  ores  were 
formerly  broken  to  lumps  the  sizo  of  the  fint  and  piled  in  heaps  15  to  40  feet  thick.  They 
were  treated  as  above. 

(ii.)  Slow  Heap  Boeuting. 

Ai-tificial  cementation  is  most  suitable  for  p3nritou6  ores  poor  in  copper, 
but  the  fumes  {produced  are  a  great  nuisance.  Owing  to  the  impossibilitT  of 
oxidising  all  the  sulphide  and  to  the  formation  of  some  copper  oxide  during 
the  roast,  it  is  necessary,  after  a  preliminary  leaching,  to  expose  the  ore  to  the 
weather  for  many  years,  to  complete  the  formation  of  sulphate. 

Ex. :  At  Rio  Tiuto,  the  pi-occs>»  has  been  used  for  one  and  a-half  to  two  per  cent.  ores. 
which  were  roasted  over  brushwood,  firewood,  or  coala,  in  heaps  of  from  200  to  1,500  tons, 
the  amount  of  firewood  required  being  one  quarter  cubic  foot  per  ton  of  ore.  The  smaller 
heaps  burn  for  two  months  and  the  larger  for  six  months,  but  the  former  give  the  better 
result.  After  leaching  (as  described  below  under  '*  Solution  of  the  Copper  Salts"),  the  resi- 
dues, containing  about  one  half  per  cent,  copper,  are  built,  while  moist,  into  heaps  ('torreras") 
which  contain  several  million  ton.s.  The  sulphides  in  the  heaps  decompose  with  increase  of 
temperature,  and  given  sufficient  time  the  oxidation  of  the  copper  will  be  complete. 
Tjpaching  of  tho  *'  torreras"  is  begun  after  four  to  six  months. 

(iii.)  Heap  Roaating  nnth  Ferrous  Sulphate. 

This  is  suited  for  pyritic  ores  poor  in  copper,  and  especially  for  tines*, 
l^e  ferrous  sulphate  is  obtained  as  a  by-product  when  the  copper  is  pi-ecipi- 
tated  from  the  sulphate  solution  by  means  of  iron.  The  action  of  the  sulphate 
is  shown  in  the  equation  below :  — 

CuFcS,  +  FeSO,  =  CuSO ,  -r  2Fe8. 

Ex :  At  A^ordo,  in  the  Venetinn  Alps,  Italy,  one  to  two  per  oenf.  fines  are  crus»hed,  and 
made  into  a  paste  with  the  mother  liquors,  containing  ferrous  sulphate,  from  the  precipitation 
of  copper ;  the  paste  is  ca.«>t  in  moulcLt,  air-dried  for  three  weeks  and  built  into  heaps,  which 
are  covered  wiUi  '*  smalls'*  and  calcined  for  from  four  to  five  months. 

Ex. :  At  Majdanpec,  in  Sorvia.  two  por  cent,  mixed  sulphide,  carbonate,  and  oxide?  ores, 
containing  one  per  cont.  >ulphurie  acid  and  eight  per  cont.  magnesium  and  aJumiinium 
sulphates  (which  act  in  the  !«amf>  way  »-«  ferrous  sulphate),  after  drying^  for  a  month,  are 
made  into  heaps  of  SOU  ton>  enci)  aii<^  culcinod  for  threo  months,  with  a  consumption  of 
seven  tons  of  firewood  per  heap. 

(It.)  Leaching. 
(See  under  *'  Solution  of  the  Copper  Salts.") 

3.    CONVBRSION  INTO  SULPHITB. 

(i.)   RoaHtintj  and  Svlphurous  Acid. 

Sulphite  is  prepared  with  sulphur  dioxide,  which  affects  only  the  oxide  or 
carbonate,  and  sulphides  have  therefore  to  first  receive  a  thorough  oxidising 
roast. 

Neill's  Process^  is  primarily  for  oxides  and  carbonates  in  a  siliceous  gangue. 
pieferably  one  free  from  lime  and  magnesia,  but  with  a  preparatory  roasting  it 
is  just  as  i^plicable  to  sulphides.  The  process  when  described  had  not  yet 
passed  out  of  the  experimental  stage.  It  is  intended  for  remote  localities 
where  fuel  and  fluxes  are  not  obtainable. 

4.    CONVBRSIOK   INTO    ClILORIDBS. 

Cupric  and  cuprous  chlorides  are  produced  either  by  a  wet  or  a  dry 
method. 

^  "Leaching  of  Copper  Ores  by   Sulphurous  Acid."    By  E.    P      onnings.     Eng.  and 
Min.  Jour.,  March,  1901. 


(a)  Wet  Methods, 

For  ores  requiring  no  preliminary  preparation,  the  methods  will  be  found 
under  ''Solution  of  the  Copper  Salts,"  but  for  oree  containing  sulphides  the 
fdlowing  method  may  be  used  :  — 

(i.)  Chlcrination  by  leaching  with  ferrous  chloride  and  hydrochloric  acid 
(acidified  mother  liquors). 

Ex.:  At  Stadtberge  the  heaps  of  sulphidesj,  &c..  with  two  to  two  and  a-half  per  cent. 
aopper,  are  leached  with  mother  liquors  (containing  ferrous  chloride)  acidified  with  hydro- 
chloric acid.  Part  of  the  copper  is  dissolved,  and  the  remainder  is  either  chloridised  or 
^nlphatised  by  exposing  to  the  atmosphere  for  a  period  of  three  months.  The  silver  in  the 
ore  is  converted  into  cMoride  by  the  addition  of  common  salt. 

(6)  Dry  Methods, 

(i.)  Henderson's  or,  more  properly,  Longmaid's  Process.  The  commercial 
introduction  of  this  process,  which  is  comparatiToly  rapid  and  thorough,  was 
the  cause  of  the  reopening  of  several  important  mines  in  Spain  and  Portugal ; 
and,  besides,  it  is  used  in  several  countries  in  Europe  for  ores  containing  from 
three  to  eight  per  cent,  of  copper — especially  for  the  residues  from  the  manu- 
facture of  sulphuric  acid. 

Henderson's  patent  was  to  volatilise  the  chlorides  and  dissolve  the  copper 
remaining  with  acid ;  but,  the  amount  of  chloride  volatilised  being  insignificant, 
the  following  modification  was  made.  The  ores  are  first  subjected  to  an  oxidising 
roast  at  a  moderate  temperature,  in  heaps  or  in  shaft  furnaces,  followed  by  a 
chloridising  roast,  with  16  per  cent,  common  salt,  in  reverberatory  or  muffle 
furnaces,  to  convert  the  copper  into  chloride  (cupric  chiefly,  but  with  a  little 
cuprous).  The  process  depends  on  the  sulphur  in  the  calcined  pyrite,  causing 
the  formation  of  copper  sulphate,  which,  by  double  decomposition  with  the 
common  salt,  forms  cupric  and  cuprous  chlorides,  as  shown  in  the  following 
equations :  — 

2FeS,  +4CuO  +  150  =  4CuS0^  4-Fe,0,. 
4(  uS0^  +  8.\aCI  =4('uCI,  +  4Na,SO^. 

There  is  also  unavoidably  a  little  copper  oxide  and  sulphide  present 

The  aim  is  to  produce  the  maximum  quantity  of  cupric  chloride  (which  is 
soluble  in  water),  and  a  minimum  quantity  of  ferric  sulphate  (which  increases 
the  consumption  of  iron  in  precipitation).  These  desiderata  are  obtained  by 
the  use  of  ores  containing  less  than  eight  per  cent,  copper  (a  greater  quantity  Ik 
difficult  to  oxidise  and  chloridise),  by  regulating  the  amount  of  sulphur  to  1-^ 
times  that  of  the  copper  in  the  ore  (any  excess  forming  ferric  sulphate),  and  the 
maintenance  of  a  uniformly  low  red  heat  (a  greater  heat  causing  volatilisation 
of  cupric  chloride).  The  gases  (sulphur  dioxide,  hydrochloric  acid,  and  chlorine) 
produced  by  the  roast  are  absorbed  by  falling  water  in  masonry  towers. 

Ex.:  The  process,  with  modifications,  was  formerly  used  at  Rio  Tinto,  where  2|  per 
cent,  ores  were  roasted  in  heaps  with  iO  lb.  common  salt  to  the  t^n,  and  leached  with  water 
to  extract  the  copper  (about  one-fifth)  rendered  soluble. 

FeSg+HgO+TO^FeSO^+HgSO^;  CuO+HgSO^^CuSO^+HgO. 

The  residue  was  then  removed  and  further  roasted  for  four  to  six  months  while  subjected 
to  the  oxidising  action  of  sulphuric  acid  formed  by  the  oxidation  of  sulphur  dioxide  from  a 
covering  of  raw  ore. 

SOj  +  HjO  +  O  =  HaSO*. 

The  ore  was  mixed  with  two  or  three  per  cent,  of  common  salt  and  manganese  dioxide  for 
the  purpose  of  producing  copper  chlorides: 

4NaCl  +  2H,S04  +  MnOa  =  MnCl,+2H,0  +  Cla+2NaaS04. 
CuSO^  +  Cl,  =  Cu01,  +  S0a  +  02. 
FeaUj+SCl,  =FeaCU  +  03. 
3CuSO*  +  Fe,Clo  =  3CuCU  +  Fe.(S0J,. 
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Ez :  The  richer  coarse  ore  at  Rio  Tinto  was  (in  1892)  roasted  in  piles  with  two  per  cent, 
common  salt,  rendering  a  quarter  of  the  copper  present  soluble.  The  residue  after  leaching 
was  subjected  to  a  further  roasting. 

Ex.:  At  Oker,  in  Germany,  an  ore  haying  the  following  composition  was  treated: — 
pyrites 60  per  cent;  chaIcoGite=23  per  cent;  blende =6  per  cent;  galena =2  per  cent. ; 
gangue  =  9  per  cent.  After  calcination  in  pyrite  burners  connected  with  sulphurio  acid 
works,  the  ore  was  mixed  with  15  per  cent,  of  mixed  alkaline  chlorides  and  icround  to 
0.06-inch  mesh.  The  mixture  was  charged  2^  tons  at  a  time  into  a  gas  furnace,  and  heated  to 
low  redness  for  four  hours;  rabbled  for  five  hours  without  firing  and  with  open  ports;  and 
then  drawn:  In  this  manner  five  tons  were  worked  off  per  twenty-four  hours  with  a  con- 
sumption of  10  per  cent  coal ;  75  per  oent  of  the  copper  contents  were  rendered  soluble  in 
water  (cupric  chloride  and  neutral  sulphate),  20  per  cent  soluble  in  dilute  acids  (cuprous 
chloride,  cupric  oxychloride,  oxide  and  Lasic  sulphate),  while  5  per  cent  was  soluble  only  in 
aqua  regia  (cuprous  sulphide). 

Ex. :  At  Antwerp,  four  per  cent  ores  from  Ni)rway,  containing  five  per  oent  sulphur 
after  treatment  in  bulphuric  acid  works,  are  crushed  and  mixed  with  20  to  25  per  oent 
common  salt  They  are  then  rosAted  for  six  hours  with  a  temperature  of  500  decrees  to 
GOO  degrees  C.  in  a  muffle  furnace,  holding  3i  and  4^  ton  charges,  and  reducing 
the  sulphur  to  0.20  per  cent.  Tho  copper  is  ihen  in  the  form  of  cuprous  chloride  and 
oxide. 

2CuS  i  2CuO  +  4NaClJ-70  =  2  ^iG  -tC  jO-r2Nft,SO*  +  CI,. 

Ex.:  At  Natrona,*  Penn-ylvarii «,  8  n  h  pvrit-B  cinders,  containii  g  two  per  oent 
copper  are  treated.  The  ciiidcr.s  uro  ground  with  10  per  cent  common  salt,  and  roasted 
in  4^ -ton  lots  in  muffle  furnaces  at  a  dall  red  heat  (800  degrees  Fahr.)  for  eight  hours. 
Tho  copper  is  then  chiefly  chloridised. 

Ex. :  In  Groat  Britain,  Henderson's  Pr  cess  is  combined  with  the  Qaudet  Process  (for 
precipitating  silver  as  iodide).  The  ore,  a'ter  rcastin  /  in  muffle  furnaces  at  a  dull  red  heat 
with  from  13  to  20  per  cent,  common  salt  contains  77  per  cent  chlorides  and  20  per  cent 
oxide.    The  gases  given  off  are  condensed  and  used  for  leaching. 

Ex.:  At  Falun,  Sweden,  3^  per  cent  hard  ores  are  roasted  in  heaps  driving  off  10  per 
cent  sulphur;  mixed  with  14  per  cent  common  salt  and  ground  in  ball  mills;  subjected  to 
a  chloridising  roast  in  Howell  and  White  calciners  with  continuous  charging,  15  tons  in 
twonty-four  hours.  When  completely  chh  rinated,  the  ore  is  transferred  to  wooden  vats, 
and  cupric  chloride  is  dissolved  by  a  first  wash  of  weak  acid,  a  second  of  weak  liquors  from 
a  previous  charge,  and  a  third  of  clean  water. 

(ii.)  Hoepfner  in  1902  took  out  a  patent  in  the  United  States  hj  which — 
1.  Sulphides  are  roasted  and  sulphur  dioxide  is  condensed. 
'2.  Copper  sulphate  is  converted  into  cupric  chloride  by  common  salt 


Iff*— Solution  of  the  Copper  Sstlts. 

Tiie  ijiethods  of  dissolving  the  salts  will  be  given  in  the  order  in  which  the 
saltjs  have  been  prepared. 

A.  AND  B.— OXIDE,  CARBONATE,  AND  ARSENATE. 

These,  either  native  or  artificial,  may  be  dissolved  by  the  following 
solvents,  of  which,  owing  to  their  energetic  action,  the  acids  are  to  be  preferred, 
whenever  their  cost  will  allow,  except  in  cases  where  the  ore  contains  substajioes 
(such  as  carbonates)  soluble  in  acids :  — 

(a)  Bt  Sulphuric  Acid  (H2SO4). 

The  acid  is  prepared  in  sulphuric  acid  chambers  from  pyrite  and  nitre,  Mid 
leaching  of  the  ore  takes  place  in  lead-lined  or  stone  chambers. 

The  only  objection  to  the  employment  of  sulphuric  acid  is  that  basic  salts 
are  formed,  as  well  as  ferric  sulphate  and  free  sulphuric  acid,  which  cause  loss  of 
iron  during  precipitation  of  the  copper. 

Ex.:  Stadtber);e. 


'  "Extraction  of  Copper  from   Burnt  Pyrite."    By  Joel   P.   Clemmer,  in   Min.    Ind., 
Vol.  VIII. 
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The  latter  difficulty — the  loss  of  iron — is  overcome  in  Van  Arsdale's 
Process,^  in  ^hich  sulphur  dioxide,  derived  from  the  roasting  of  sulphides,  is 
used  as  a  precipitant  This  process,  patented  in  1903,  purposes  to  extract  the 
copper  from  low-njade  ores  by  means  of  already  heated  sulphuric  acid  solution, 
eontaininfr  incidentally  copper  sulphate.  The  solvent  is  regenerated  in  the 
precipitation  of  part  of  the  copper,  and  used  for  fresh  ore  after  expulsion  by 
heat  of  any  sulphur  dioxide  contained.  As  a  matter  of  fact,  the  SO2  is  expelled 
simply  by  releasing  the  pressure  in  the  pressure  tank,  which  is  already  heated. 
Iron  and  other  substances  are  dissolved  as  well  as  copper,  and  the  solution  has, 
therefore,  from  time  to  time  to  be  neutralised,  when,  on  heating  and  injecting 
iiir,  the  iron  h  precipitated,  and  carries  down  arsenic  and  other  impurities. 
Iron,  if  not  present  in  greater  quantity  than  the  copper,  does  not  interfere  with 
the  reactions. 

(6)  Br  Hydrochloric  Acid  (HC?1). 

This  acid  is  preferred  to  sulphuric  sicid  because  of  the  smaller  proportion 
of  basic  salts  formed,  although  its  consumption  is  greater  owing  to  the  iron 
oxides  in  the  ore  being  attacked  during  the  leaching  operation. 

Ex.:  At  St&dtberge,  Westphalia,  hydrochloric  acid,  owing  to  its  cheapness,  was  used 
after  the  abandonment  of  the  sulphuric  acid  process.  The  leaching  tanks  were  of  wood, 
and  held  from  29  to  90  tons  of  ore.  The  solutions,  gradually  increasing  in  acidity,  were 
allowed  to  remain  twelve  hours  in  each  tank,  and  saturation  was  obtained  in  from  ten  to 
twelve  days*  The  acid  required  amounted  to  from  five  to  seven  times  the  weight  of  the 
copper. 

Ex.:  In  Waldeck,  Germany,  attempts  were  made  to  extract  the  copper  (three-quarters 
to  one  per  cent)  in  the  Bunter  Sandstone,  but  failed  because  of  the  presence  of  half  to 
one  per  cent-  lime,  which  had  to  be  first  dissolved.  The  ore  was  crushed  and  charged  into 
sixteen  tubs  13  feet  in  diameter  and  4  feet  deep,  furnished  with  agitators;  20  tons  of  ore 
were  treated  per  day,  the  ore  being  delivered  at  the  works  at  4s.  per  ton.  The  impure 
acid  used  cost  28.  per  100  lb.,  and  each  ton  of  ore  required  400  lb.  of  acid,  which  before 
use  was  diluted  with  water. 

A  slight  modification  of  the  acid  process  lias  been  patented  (December, 
1901)  by  Waterbury  in  the  United  States.  Ore  is  to  be  leached  with  acid  in  a 
tank,  hot  air  being  forced  in  at  same  time  from  a  perforated  pipe  near  the 
bottom  of  the  tank. 

(c)  By  Fbrrous  CHLORms  (FeClg). 

This  salt  may  be  used  for  dissolving  cupric  oxide  and  carbonate  or  roasted 
sulphides,  forming  cupric  chloride  (soluble  in  water)  and  cuprous  chloride 
(soluble  in  excess  of  ferrous  chloride). 

8CuO  +  2KeCl,  =  CuCl^-f  2CuClH-Fe,0,. 
3Cu,()  +  2FeCI,  =4CuCl4-Pe,0,+2Cu. 
2CuO+Cu,0-|-2>VCl,  =4CuCl  +  Fe,0,. 

The  cupric  chloride  itself  decomposes  copper  sulphide  as  well  as  silver  sulphide, 

CU2S  +  2Cua2  =  4CuCl  +  S. 

(i.)  Direct  Action  of  Fcrrotis  Chloride  on  the  Oxidised  Ore  or  Roasted  Sulphide. 

(Old  Hunt  and  Douglas  Process.) 

The  ore  is  agitated  in  wooden  vessels  with  ferrous  chloride  solution 
(prepared  by  mixing  ferrous  sulphate  and  common  salt,  and  crystallising  out 
the  sodium  sulphate).  The  ore  and  solution  are  kept  at  a  temperature  of  about 
70*  C.  tiB — after   three  or  four  days — the   copper   has  dissolved,  when  the 
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Bolutkm  iB'flUered  from  the  precipitated  ferric  oxide.  The  process  was  formerly 
mueh  used  in  the  United  States,  its  adyantages  being  the  small  consumption  of 
iron,  the  abseooe  of  a  chloridisinpr  roast,  and  the  small  amount  of  fuel  needed : 
bat  the  trouble  in  separating  the  ferric  oxide  has  caused  its  almost  complete 
abandonment.  Another  disadyantage  is  that,  owing  to  the  presence  of  cuprous 
ohloride,  which  forms  an  insoluble  iodide,  the  Qaudet  Process  for  separating 
the  BSlrer  is  not  available^ 

Ex.:  At  Ore  Knob,  North  Carolina,  U.S.A.,  calcined  ores  containing  7-75  per  cent. 
oxid(3  and  4  per  cent.  sulphat«  were  leached  with  ferrous  chloride  solution  in  wooden  vatc^ 
six  feet  in  diameter,  holding  1^  tons  of  ore.  After  stirring  for  eight  hours,  the  ore  wa> 
allowed  to  settle,  and  the  solutions  drawn  off  for  precipitation. 

(ii.)  Indirect   Action   of  Ferrous  Chloride   on  Roasted  Ore,   followed   by   n 

Sulphuric  Add  Leaching, 

(New  Hunt  and  Douglas  Process.) 

This  modification  was  deyised  because  of  the  trouble  in  separating  the 
ferric  oxide  and  the  difficulty  in  saving  the  silver  bj  the  old  process.  Its  great 
advantage  is  the  rapidity  with  which  solution  takes  place. 

Ex. :  At  Kansa.)  City.  Missouri,  U.S.  A-,  this  process  is  used  for  calcined  argentiferou!< 
lead-copper  mattes  containing  up  to  300  oz.  silver  per  ton  and  90  per  cent,  copper.  After 
an  oxidising  roast  at  a  low  temperature,  the  copper  oxide  and  sulphate  formed  are  dissolved 
with  dilute  sulphuric  acid.  The  addition  of  common  salt  to  the  solution  results  in  the 
formation  of  ferrous  chlorides,  which  converts  the  copper  sulphate  into  cupric  chloride 
(in  greater  part).  The  common  salt  must  not  be  in  excess,  as  silver  chloride  would  be 
dissolved.  Calcium  chloride  (obtained  by  the  precipitaticm  of  copper  with  milk  of  limt ) 
may  be  used  to  chloridise  the  copper,  but  in  this  case  a  precipitate  of  calcium  sulphate  ha> 
to  be  filtered  off.  The  silver,  precipitated  by  cuprous  chloride,  and  lead  remain  undis- 
solved, and  may  be  obtained  separately- 

{d)  Br  Sulphurous  Acid  (SOo). 

(Neill's  Process.) 

The  sulphur  dioxide,  produced  either  from  the  roasting  of  pyrite  or  of  the 
copper  ore  itself  if  it  be  a  sulphide,  attacks  copper  oxide  or  carbonate,  forming- 
sulphite  (CU2SO3.H2O),  which  remains  in  solution  in  excess  of  sulphurous  acid. 

20uO  +  H2SO3  =  CuaSOa  +  HgO  +  O. 

Lime  and  magnesia,  being  soluble  in  sulphurous  acid,  are  objectionable  because 
they  increase  the  consumption  of  sulphur  dioxide,  but  otherwise  they  are  inert 
Very  little  of  the  other  metals  in  the  ore  are  dissolved,  and  the  copper  is 
therefore  obtained  in  an  unusually  pure  condition. 

In  practice  it  is  proposed,  after  crushing  the  oxides,  carbonates,  or  roasted  ore  to*  a 
20-me8h  screen,  to  charge  into  covered  wooden  tanks,  containing  water  (two  tcms  per  ton  of 
ore)  with  a  little  absorbed  sulphur  dioxide,  the  washings  from  the  previous  charge  and 
from  the  gas  absorption  tower  connected  with  the  leaching  tank.  The  sulphur  dioxide  i.s 
forced  under  pressure  by  air  compressors  into  the  false  bottom  of  the  leaching  tank  in 
which  ore  and  liquid  are  kept  in  continual  agitation  by  the  gases.  The  solution  could  be 
completed  in  from  one  to  four  hours  in  a  single  tank,  but  it  is  better  to  have  a  series,  one 
over  the  other,  so  that  the  gas  from  the  lowest  can  be  passed  into  the  others.  From  the 
leaching  vats  the  pulp  and  solution  are  delivered  into  a  storage  vat  from  which  the  solution 
and  slimes  are  forced  by  compressed  air  into  a  filter  press,  to  separate  the  solution  from  the 
pulp.  The  sands  in  the  tank  and  slimes  in  the  filter  preps  are  washed  with  a  small  quantity 
of  water  acidified  with  sulphuric  acid  which  is  either  passed  on  to  the  steaming  tank  or 
back  to  the  leaching  tank. 

This  process  seems  to  be  most  admirably  suited  to  our  inland  copper 
districts,  owing  to  the  low  cost  and  small  amount  of  solvent  used,  to  the 
simplicity  of  the  plant  (even  simpler  than  that  successfully  used  in  ^b 
sulphuric  acid  process),  and  to  the  ease  of  reduction  of  the  copper  salt  obtained. 
It  is  true  that  its  adoption  would  be  in  the  nature  of  an  experiment,  and  many 
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difficulties  would  necessarily  have  to  be  overcome,  but  the  small  amount  of  iuA 

iieeded,  the  cheapness  of  the  treatment,  the  availability  of  the  solvent^  and  the 

pure  product  obtained  all  give  it  a  strong  claim  for  a  trial. 

Ex.:  Experiments  on  alicified  Triassio  sandstone  containing  blue  and  green  carbonates 
with  some  oxide  have  proved  that  95  per  cent,  of  the  copper  can  be  dissolved  in  four  houn. 

(e)  Bt  Ferric  Chlobidb  (Fegd^). 

The  ferrous  chloride  in  the  liquor  obtained  in  the  precipitation  of  hydro- 
chloric acid  solutions  is  oxidised  on  exposure  to  the  atmosphere  to  ferric 
cfaloride,  which  is  capable  of  dissolving  metallic  copper,  cuprous  and  cupric 
oxides,  and  copper  carbona;tes. 

(f)  By  Other  Solvents. 

Ammoniacal  compounds  and  sodium  hyposulphite  have  been  suggested,  but 
they  are  either  too  slow  in  action  or  dise  too  expensive  for  practical  use. 

C— CBOjORIDES. 

Cupric  chloride  is  soluble  in  water,  but  cuprous  chloride  requires  the 
addition  of  ferric  chloride  or  ferrous  chloride  and  hydrochloric  acid. 

(a)  Bt  Water. 

Leaching  with  water  is  used  in  the  Henderson  Process  to  extntct  the  cupric 

chloride. 

Ex.:  At  Rio  Tinto,  about  one-fifth  of  the  copper  ccmtents  was  extracted  after  the 
chloridising  roast. 

Ex. :  At  Oker,  three-quarters  of  the  copper  contents  was  rendered  scduble  in  water. 

Ex.:  At  Natrona,  the  chloride  produced  was  leached  out  with  water  and  the  ferric 
oxide  residue  sent  to  iron  works. 

Ex.:  In  England,  tanks  of  wood  tightly  caulked,  and  10ft.  x  lift,  x  4ft.  deep,  are 
oaed  with  removable  false  bottom  of  perforated  tile«  or  firebrick  covered  with  a  three-inoh* 
layer  of  cinders;  fifteen-ton  charges;  nine  to  ten  successive  washings  of  water,  condensation 
tower  liquors,  or  very  weak  cupriferous  solutions  from  the  previous  leachings,  the  last 
two  washings  being  acidified.  The  leachings  require  forty-eight  hours  and  the  copper 
contents  are  reduced  to  0.18  per  cent 

(b)  Bt  Fhriuc  Chloridb. 

In  the  Henderson  and  Dotsch  Processes  ferric  chloride  leaching  is  employed 
in  extracting  the  cuprous  chloride.  Direct  leaching  is  not  advised  unless  the 
cost  of  fuel  prohibits  a  chloridising  roast. 

(i.)  Direct  leaching  with  ferric  chloride. 

Ex. :  At  Rk>  Tinto,  the  method  emfrfoyed^  to  replace  the  Dotsch  Process  for  fine* 
is  to  atmply  leach  them  in  tanks  with '  ferric  chloride  solutions  obtained  during  th($' 
pPBO^^Ilaiioi^  of  copper'  dis0oited  ttom  the'  roavt  heapR.  The  foUowhlg  are  the  reaotioiuf 
involve<>i — 

CuS+Fe,CU  =  Cu01,+2Fe01,+S ;  and  CujS+ye.Cli  =  2CuCf+2FeCl,+S. 

(ii.)  Indirect  leaching  with  ferric  sulphate  and  common  salt  (Dotsdh 
Pracess). 

Bx^:    At  Bi#  Tinto,   a   pfooess   waa^  formerly   in   use   for  cupriferous  pyrite   fine«; 
containing  20  per  cent,  copper.    The  ore  waa  crushed  fine  by  rock  breaken,  mixed  with*  i 
per- cent,  common  saltaad  stacked  in  heaps,  50  feet-squave  and-'lS  fecit  higln  traversed^' byi 
dry  stone  flues.    The  heaps  were  theft  di«nched'witii  a-  mixed  solution-  of  f^rio  sulphate^ 
and  common  salt. 

Fe.(SOJ,+6NaCl+30  =  Fe,0,+3Na,80*+6Cl. 
2FeSO«'l-4Naa-f30'=  Fe^O,-f  2firatSO«<4*4Ca^ 


TUe«chiiMtM<  frsed  attacks  both'  oopp«r*  and<  ii«ill'  suli^limsr  fc^fttin^  ouprie  and^ 
hnkt  obldflM^  Th^  chtorides  were'  dttfsolved^  iff  a  HiAmtMUtt*  leaaMflg  with  f^frilSf 
chloride,  which  had  to  be  regenerated  by  the  action  of  chlorine  on  the  ferrous  ohlidrid^ 
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formed  in  precipitating  the  copper.  Half  the  copper  in  the  ore  was  diafiolved  within  four 
months,  and  86  per  cent,  of  the  remainder  in  the  following  two  years.  The  pyrite  in  the 
ore  was  unacted  on,  but  in  addition  to  the  slowness  of  the  process  the  costs  were  exoesaiTe 
owing  to  the  large  amount  of  chlorine  lost. 

Ex.:  At  Antwerp,  solution  tanks  are  82  ft.  x  11  ft  6  in.  x  11  ft.  6  in.  deep,  with 
filter  bottom  consisting  of  leached  ore  and  straw.  First  wash  is  of  heated  precipitation 
liquors  which  are  allowed  to  remain  in  contact  ten  hours ;  the  second  is  of  heated  condensing 
tower  liquors  further  acidified  if  neoesssary;  the  last  washing  is  with  hot  water.  Residues 
contained  only  0.25  per  cent  coppor. 

(ill.)  Leaching  with  ferrous  chloride  and  free  hydrochloric  acid  is  practised 
in  the  Henderson  Process,  and  is  really  only  a  slight  modification  of  the  above. 
It  is  based  on  the  fact  that  the  result  of  the  oxidation  of  ferrous  chloride  in  the 
presence  of  hydrochloric  acid  is  ferric  chloride. 

Ex. :  At  Stadtber^e,  crushed  chloridised  ores  are  leached  by  means  of  the  mother 
liquor  (containing  ferrous  chloride),  obtained  after  the  precipitation  of  copper,  to  which 
l^drochloric  acid  has  been  added.  The  solution  is  carried  out  in  false-bottomed  tanks 
of  wood  with  caulked  joints,  holding  five  to  ten  ton;*  of  ore,  and  is  complete  in  three  days 
after  twelve  or  sixteen  washes.  The  false  bottom  is  made  of  perforated  planks  upon  which  ii^ 
a  filter  layer  of  coke,  ashes,  or  straw. 

Ex:.  At  Oker.  lixiviation  of  the  chlorides  is  done  in  false-bottomed  lead  lined  tanks 
of  five  to  ten  tons  capacity  by  three  washes  of  precipiation  liquors  (containing  ferrous 
ohloride  and  hydrochloric  acid  or  acid  liquors  from  the  condensing  towers)  and  six  of  water. 
-each  wash  remaining  in  contact  with  the  ore  for  only  a  few  hours.  The  first  washes 
dEssoIvo  75  per  cent,  of  copper  contents.  The  cuprous  chlorides  and  oxides  are  dissolved 
by  the  acid  liquors  from  condensing  towers  coniiected  with  roasting  furnaces  or  by  dilute 
acid,  the  solution  being  allowed  to  remain  in  contact  with  the  ore  for  two  days. 

Ex. :  In  Great  Britain  the  leaching  tanks,  ten  feet  square  and  five  and  a-half  feet  deep, 
hold  twenty  tons  of  ore,  which  is  washed  with  acid  solutions  (obtained  by  condensation 
•of  the  gases  from  roasting  the  ore),  followed  by  hot  water. 

Ex. :  At  Antwerp,  the  mixture  of  copper  chloride  and  oxide  is  first  lixiviated  with  old 
lirecipitation  liquors  and  then  with  solutions  of  the  gases  given  off  during  the  roastincr  of 
the  ore.    The  residue  contains  0.2.5  per  cent,  copper. 

D.— SULPHATE. 

The  sulphate  being  easily  soluble  in  water,  only  one  method  of  solution  is 
necessary. 

(a)  Bt  Water. 

Copper  sulphate  often  occurs  in  mine  waters,  having  been  produced  by 
oxidation  of  the  ore  exposed  in  the  workings  and  dissolved  by  circuUiting 
waters. 

Ores  containing  disseminated  copper  sulphate  may  be  leached  in  wooden 

vats,  in  masonry  tanks,  or  on  stamped  clay  or  loam  floors.     The  solutions  are 

circulated,  so  that  the   strongest  are  put   on  to  fresh  ore,  the  weakest  into 

exhausted  ore. 

Ex.:  At  San  Domingos  (and  Rio  Tiuto)  when  the  method  of  exposing  to  natural 
oxidation  was  employed,  the  heaps  wereP  periodically  watered  from  a  pipe  reticulation 
and  leached  with  acid  mother  liquor  containing  ferric  sulphate  (obtained  from  the 
precipitation  of  the  copper),  which,  besides  dissolving  tiie  copper,  accelerated  the  oxidati(» 
of  the  sulphides.  The  copper  in  the  residues  after  six  years'  treatment  aknounted  to  i 
per  cent,  which  it  did  not  pay  to  extract;  the  very  large  quantity  of  water  required 
necessitated  tho  construction  of  immense  reservoirs,  of  one  and  a-half  to  five  million  tons 
capacity. 

Ex. :  At  Rio  Tinto  later,  the  ores  after  the  first  roasting  were  transferred  to  oement- 
lined  masonry  tanks,  100  feet  by  84  feet  by  5  feet,  with  false  bottoms  of  perforated  planks. 
The  first  leaching  lasts  two  to  six  hours,  then  there  are  five  or  six  additional  leachings. 
the  ore  being  left  under  water  eight  to  ten  hours  each  time.  T^e  leached  ore  then  contains 
I  per  cent,  copper,  and  after  decomposition  in  "terreraa"  as  described  is  leached  during 
a  period  of  five  years,  at  the  end  of  which  time  88  per  cent,  of  the  copper  has  been 
extracted. 

Ex. :  At  Stadtberge,  the  copper  sulphate  formed  by  the  action  of  nitrous  and  sulphurous 
gases  is  simply  leached  with  water  (or  the  acid  liquor  from  former  predpitatioos). 

Ex. :  At  Agordo,  leaching  is  done  in  square  wooden  vats  with  false  bottoms  of  boards 
or  acid-proof  stoneware  and  filters  of  straw,  coke,  &c.  The  vats  have  a  canaoity  of  un  to 
200  tons.  *^  ^  *^ 
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E.— SULPHIDE. 

The  solution  of  the  sulphide,  being  most  difficult  of  all,  is  seldom 
^ittempted  directly,  though  the  action  given  below  does  occur. 

(a)  By  Feuuic  Sulphate  [Foji^SO^),]. 

The  *'  brown  liquor*^  from  the  precipitation  of  cement  copper  by  iron  from 
2Milphate  solutions,  alter  oxidation,  consists  in  part  of  ferric  sulphate.  The 
liquor  is  reduced,  in  passing  over  cupriferous  pyrite,  to  ferrous  sulphate  and 
copper  is  dissolved  in  proportion  to  the  quantity  of  iron  reduced. 

^02(804)3  +  CugS  +  H2SO1  ==  2CUSO4  +  2FeS04  +  H2S. 
Or  Fe2(S0Ja  +  Cu3>  =  ('uS(>.^  +  LFeS0^-t-CijS; 

and    Fe,(SOJ,-t-CuS  +  30-Mi,0  =  CuSO^+2FeSO^  +  MaSO,. 

This  aetion  is  important  in  all  the  sulphatising  leaching  processes.  It  is 
y^ry  desirable  that  no  excess  of  ferric  sulphate  remain  in  the  solution,  as  the 
consumption  of  iron  would  be  increased  by  it  during  the  precipitation  of  the 
ropper  thus : — 

Fe  +  Fe2(S04)3=3FeS04 

• 

It  has  been  noticed  that  as  the  copper  content  decreases  the  amount  of  copper 
dissolved  decreases  in  greater  ratio,  though  the  amount  of  free  acid  increases. 
Tbis  is  owing  to  the  action  of  pyrite  on  the  ferric  sulphate,  and,  as  it  is  more 
energetic  with  increase  of  temperature,  the  large  consumption  of  iron  needed 
to  precipitate  the  copper  in  solutiona  from  the  highly  heated  roast  heaps  at  Rio 
Tinto  is  thereby  explained. 

Ex. :  At  Rio  Tinto  the  above  action  is  made  use  of  to  dissolve  the  unaltered  siilphi(l<\s 
in  the  roasted  (sulphatised)  ore. 

F.— SULPHITE. 
The  sulphite  is  produced  in  only  one  process,  and  its  solution  then  is  easy. 

(a)  By  Sulphurous  Acid. 
(Neill's  Process.) 

The  sulphur  dioxide  besides  forming  sulphite  in  this  process  is  necessary  to 
keep  that  salt  in  solution.     (See  under  "  Preparation"  and  "  Precipitation/') 


IV.— Precipitation  of  the  Copper  or  Copper 

Salt  from  Solution. 

1.— BY  METALLIC  IRON. 

The  reduction  of  the  copper,  which,  as  shown  above,  is  in  solution  in  the 
form  of  sulphate  or  chloride  (cupric  or  cuprous),  is  generally  brought  about  by 
means  of  metallic  iron. 

CuS0,+Fe  =  Cu4FeS0,  ; 

CuCl,  +Fe  =  Cu  +  FeCl, ; 

2CuCl-f-Fe  =2Cu+FeCL. 

(a)  Reduction  prom  Solution. 

Theoretically:  88^8  parts  of  iron  precipitate  100  parts  of  *  copper  from 
cuprjc  solutions,  and  44.4  parts  of  iron  precipitate  100  parts  of 'cot)per  from 
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cuprous  solution,  but  in  practice,  with  sulphate  solutions,  200  to  300  parts  of 
iron  may  be  required  to  precipitate  100  parts  of  copper.  This  is  owing  to  the 
presence  of  ferric  salts  and  free  acid,  the  latter  from  the  oxidation  of  pyrite 
as  already  shown,  and  the  former  from  the  oxidation  of  ferrous  salts. 

2FeSO^  +  H,SO,-fO  =  re,(SOJ,+H,0. 
3FeCl,-f  H.O  =  Fe,Cl,  +  FeO  +  H,. 

Both  the  acid  and  the  ferric  salts  attack  metallic  iron,  and  it  is  therefore 
necessary  that  the  solution  should  be  as  free  as  possible  from  them. 

H,SO,4-Fo        =FeSO,+H,; 
Fe,(SO  j3-rFe  =  3FeSO^. 

The  latter  may  be  reduced  by  filtering  the  liquid  through  copper  sulphide  ore&» 
as  shown  under  '"  Solution  of  the  Sulphide  (K)"  and  in  the  following  equation  :  — 

7Fe2(S04)3  +  FeSs  +  8H20=  15FeS04  +  8H2SO4. 

Basic  salts  render  the  cement  copper  impure,  and  it  is  therefore  advisable 
to  allow  the  solutions  to  work  on  the  ores  till  neutral. 

The  iron  is  used  in  the  form  of  wrou^t  iron,  pig  iron,  sponge  and  bar 
iron.  Powdered  iron,  turnings,  and  clippings  act  most  rapidly.  Bar  iron  and 
grey  pig  give  a  coarse  pulverulent  cement,  while  white  iron  throws  down 
coherent  copper. 

The  deposition  of  the  copper  is  accelerated  by  heating  the  solution  (by 
steam  or  hot  air,  the  latter  in  Waterbury's  Patent),  by  agitating  it  (by 
mechanical  stirrers,  by  a  current  of  air,  or  by  circulation  from  vat  to  vat),  and 
by  increasing  the  surface  of  the  iron  exposed  to  the  liquid. 

The  "  cement"  (the  copper  precipitate),  owing  to  its  commuted  and  bulky 
state,  is  extremely  liable  to  oxidation,  so  that  it  seldom  contains  over  80  per 
cent,  copper  when  delivered  to  the  smelters. 

Any  silver  in  solution,  unless  previously  precipitated  by  sulphuretted 
hydrogen,  potassium  iodide,  or  alkaline  sulphides,  goes  down  on  the  first  of 
the  copper  reduced.  It  may  be  precipitated  as  iodide  by  the  addition  of 
sufficient  zinc  iodide,  which  is  regenerated  by  the  action  of  metallic  zinc  on  the 
silver  iodide  (as  in  the  Claudet  Process). 

Antimony  and  arsenic  are  also  deposited  with  the  copper,  and,  together 
with  the  graphite  of  the  pig,  particles  of  iron,  and  silica,  tend  to  render  the 
"  cement"  impure.  These  impurities  occur  chiefly  in  the  finer  portion  of  the 
precipitate,  which  is  thrown  down  as  the  solution  becomes  poorer  in  copper. 

The  use  of  pig  and  scrap  iron  is  not  to  be  thought  of  for  our  inland  deposits 
because  of  the  heavy  freights.  The  difficulty  might,  however,  be  obviated  by 
the  use  of  groimd  sponge  iron  produced  locally.  This  material  has  given  fairly 
good  results  in  England,  though,  owing  to  the  large  quantity  of  impurities,  it 
could  not  compete  with  scrap  iron.  It  is  produced  by  heating,  at  a  full  red 
heat,  a  mixture  of  coke  dust  (or  possibly  charcoal),  6  cwt.,  and  purple  ore  (the 
residue  from  the  copper  leaching  vats),  one  ton,  in  a  special  reverberatory 
furnace,  for  from  nine  to  twenty-four  hoiurs,  according  to  the  position  of  the 
ore  on  the  hearth.  An  intense  heat  is  not  required  for  the  reduction,  and  fusion 
does  not  take  place.  After  heating  the  material  is  drawn  from  the  furnace  into 
cast  iron  vessels,  which  are  hermetically  sealed  till  cold.  The  sponge  is  then 
ground  under  edge  runners. 

Ex.:  Mine  waters  containing  copper  sulphate  are  known  as  "cement"  waters.  They 
are  run  thsovch  a>  sys^am  of  trouffiua  infiluied  t^  angles  o£' about  10  degieeiw.  acaaeBcl  in 
st(WB^  awi.fiilfid  with..ii:oa  on  crossed  bgr  iron  gx^^of^ 
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Ex. :  At  WicUow,  Ireland,  the  water  is  conducted  through  troughs,  inclined  7  degrees 
to  10  de  rees,  openinjer  &t  intervals  into  tanks.  Iron  in  the  troughs  precipitates  the  copper, 
vhioh  18  washed  into  the  tanks,  and  there  collected. 

Ex. :  Cornwall  Mines. 

Ex.:  Mount  Morgan. 

Ex.:  At  San  Domingos  copper  was  precipitated  by  pig  iron  stacked  in  asphalted 
basins  13  feet  sqjare,  of  which  there  were  240.  The  iron  consumed  was  double  the  weight 
of  tiie  copper  precipitated  owing  to  ferric  sulphate  in  the  liquors.  The  cement,  containing 
6  per  cent,  copper,  after  drying  was  exported. 

Ex.:  In  the  Old  Hunt  and  Douglas  Process  only  sixty  to  seventy  parts  of  iron  are 
required  for  100  parts  of  copper,  because  of  the  copper  being  in  the  cuprous  form,  and  the 
cement  is  unusually  pure.  Precipitation  is  rapid,  and,  the  solutions  being  reused,  it  is  not 
oeoessarily  complete  for  each  cycle.  Solutions  are,  therefore,  not  exposed  long,  and  only 
laiaU  quantitiee  of  basic  salto  are  fcMrmed. 

2CuCl3+2Cua+2Fe=4Cu+FejClg. 

Ex-:  At  Rio  Tinto,  the  sulphate  solutions  pass  from  settling  tanks  into  a  series  of 
cemented  or  asphalted  masonry  tanks  50  feet  long,  6  feet  wide,  and  3  feet  deep;  and  from 
the  tanks  the  solution  runs  through  inclined  masonry  troughs  3  feet  S  inches  to  6  feet 
6  inches  wide  and  1  foot  4  inches  to  1  foot  8  inches  deep  for  several  miles,  with  an 
inclination  of  0.8  per  cent,  at  first  to  two  per  cent,  towards  the  end.  Both  tanks  and 
troughs  are  loosely  filled  with  iron.  The  consumption  of  iron  has  been  very  high  (2^  tons 
for  each  ton  of  copper  precipitated),  owinir  to  the  formation  of  ferric  salts,  and  the  cement 
h  rendered  very  impure  (containing  only  60  to  85  per  cent,  copper),  owing  to  the  precipita- 
tion of  basic  iron  salts. 

In  the  natural  oxidation  process,  the  solutions  have  required  two  tons  of  iron  per  ton 
of  copper,  and  the  cement  contained  only  65  per  cent,  copper.  By  careful  previous 
redaction  of  the  ferric  salts,  and  by  re'^ulating  the  velocity  of  the  solutions  in  the 
precipitating  tanks,  it  has  been  found  possible  to  reduce  the  consumption  of  iron  to  1.4 
tons  per  ton  of  copper  precipitated- 

In  the  ferrous  sulphate  roast  modification,  the  consumption  of  iron  is  equal  to  the 
weight  of  the  copper  precipitate. 

Ex.:  At  Stadtberge,  127  parts  of  iron  are  required  to  precipitate  100  parts  of  copper. 
At  these  works  the  silver  is  precipitated  with  a  litiJe  copper  in  the  first  tank,  the  remaining 
copper,  free  from  silver,  being  thrown  down  in  other  tanks.  -Green  vitriol  (FeSO*)  is  also 
produced  from  part  of  the  resulting  solutions 

Ex.:  At  Okcr,  the  solutions  are  heated  in  lead-lined  wooden  tanks,  and  the  copper  is 
precipitated  in  from  one  to  three  days  by  means  of  wrought-iron  (in  the  proportion  of  one 
part  to  each  part  of  pure  copper). 

Ex. :  At  the  Bede  Metal  Works,  England,  ground  iron  sponge  is  employed  as  a 
precipitant,  but,  as  it  contains  unreduced  iron  oxide,  ashes,  and  coal,  its  use  has  not  been 
extended. 

Ex. :  At  Natrona,  Pennsylvania,  the  precipitation  of  the  copper  on  thin  iron,  in  false- 
bottomed  tanks,  is  hastened  by  the  injection  of  steam,  which,  besides  heating  the  solution, 
mechanically  keeps  ihe  iron  free  of  copper.  The  cement  produced  here  contains  90  per 
cent  copper. 

Ex:  At  the  Antwerp  Works,  cupric  chloride  is  reduced  in  twenty-four  hours  by  scrap 
iron  (equal  in  weight  to  the  copper  produced),  in  seven  nine-ton  vats>  in  which  the  solution 
is  heated.  The  cement  contains  80  to  88  per  cent,  copper.  The  residues  are  sold  to  iron 
works. 

Ex.:  In  Great  Britain,  precipitation  in  the  Henderson-Ciaudet  Process  is  by  scrap  iron 
(110  parts  to  each  100  of  copper),  in  a  solution  kept  at  150  degrees  by  the  injection  of 
steam.    The  cement  produced  contains  75  per  cent,  copper- 

i 

(b)  Rbduction  of  Solid. 

(New  Hunt  and  Douglas  Procesa.) 

The  solid  cuprous  chloride  may  be  reduced  under  water  bj  metallic  iron — 
ooe-half  the  weight  of  the  copper  precipitated.  Silver  in  the  ore  having  been 
eonverted  into  c^oride  may  be  extracted  from  the  residue. 

Ex.:  At  Kansas  City. 
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2._BY  VOLATILISATION  OF  THE  SOLVENT. 

(Neiirs  Process.) 

Copper  sulphite  in  solution  in  sulphurous  acid  is  readily  precipitated  aa  a 
i*ed  crystalliiie  solid  (CuSO9.Cu8SO8.2H2O),  containing  49.1  per  cent  copper,  by 
simply  driving  off  excess  of  sulphur  dioxide.  This  is  done  in  a  wooden  tank  by 
heating  to  hoiling  by  waste  steam  in  a  pipe  coil.  The  slight  amount  of  copper 
then  remaining  in  solution  is  readily  precipitated  by  lime  (or  iron),  in  separate 
tanks,  preferably,  while  the  solution  is  still  hot.  The  plant  may  be  so  arranged 
that  nearly  all  the  sulphur  dioxide  except  that  combined  with  the  copper  can 
be  saved  and  reused. 

This  process  deserves  very  serious  consideration  by  Queensland  mine- 
owners,  as  the  great  expense  of  freight  on  the  iron  needed  for  most  of  the  other 
processes  is  here  entirely  obviated. 

3— BY  SULPHUROUS  ACID. 

(a)  To  Mbtal. 

(Van  Arsdale's  Process.) 

This  process,  which  has  not  yet,  as  far  as  known,  been  put  into  actual 
practice,  depends  on  the  fact  that  sulphur  dioxide  under  certain  circumstances 
precipitates  part  of  the  copper  from  cupric  sulphate  solution,  and  at  the  same 
time  generates  sulphuric  acid. 

3  CUSO4  +  3  SO2  +  4  H9O  =  CuaS03.CuS03  +  4  HjSOi 

=  Cu  +  2  CUSO4  +  2  HaS04  +  2  SO9  +  2  HjO. 

These  reactions  take  place  in  a  boiling  solution  under  ordinary  atmospheric 
prenure,  but  when  under  increased  pressure  the  yield  of  copper  is  raised  to 
from  40  to  50  per  cent  of  the  contents. 

The  solution,  after  separation  from  the  ore,  which  needs  careful  washing,  is  allowed  tc> 
drain  through  a  tower  packed  with  coke,  &o.,  and  exposed  to  the  action  of  sulphur  dioiddf" 
from  burning  pyrite.  It  is  then  heated  by  steam  to  100^  C.  in  a  lead-lined  steel  tank,  similar 
tj  a  ohlorination  barrel,  to  cause  a  pressure  of  90  lb.  per  square  inch  and  the  precipitation  of 
50  per  cent,  of  the  copper  contents. 

(6)  To  Chloride. 

(New  Hunt  and  Douglas  Process.) 

Cuprous  chloride  is  precipitated  from  solution  by  the  reducing  acti<Hi  of 
sulphurous  acid  gas,  sulphuric  acid  being  regenerated  at  the  same  time : 

CuCla  +  CUSO4  +  SO2  +  2H20=  2Cua  +  2H8SO4. 

The  precipitate  is  readily  separated  from  the  liquid,  and  is  then  reduced  by 
metallic  iron. 

Into  the  solution  decanted  from  the  cuprous  chloride  hot  air  is  bloim  to 
expel  any  sulphur  dioxide  or  oxidise  it  to  sulphuric  acid  for  use  again  in 
leaching. 

The  amount  of  zinc  and  iron  in  solution  gradually  increases,  these  metals 
not  being  precipitated  by  sulphurous  acid,  and  they  may  therefore  be  saved  as 
well  as  the  copper. 

Ex. :  At  Kansas  City,  sulphur  dioxide  is  passed  through  cupric  chloride  solution  tc> 
precipitate  cuprous  chloride — 

2CuCl,+SO,+2H,0  =  2CuCl+H,S04+2HCl. 

The  same  reactions  as  above  occur  in  Hoepfner's  Procesa 
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4.— BY  MILK  OF  LIME  (CaHsOa). 
(New  Hunt  and  Douglas  ProcesB.) 
Milk  of  lime  precipitates  copper  hydroxide  from  cupric  chloride  and 
cuprous  oxide  from  cuprous  chloride  solutions,  the  solution  obtained  being 
a^rail&ble  for  chlorinating  a  fresh  charge.  In  the  case  of  copper  sulphate^ 
calcium  sulphate  is  precipitated  with  copper  hydroxide,  and  the  use  of  lime  is 
tiiereiore  prohibited.  The  bulk  of  the  precipitates  and  the  difficulty  in  smelting 
them  have  hitherto  been  considered  deterrents,  but  it  would  probably  be  much 
cheaper  to  employ  lime  than  iron  at  many  of  our  inland  copper  deposits,  there 
being  generally  deposits  of  limestone  in  the  vicinity,  from  wliicli  the  lime  could 
be  prepared. 

Ex.:  At  Kansas  Cit)'. 

6.— BY  SULPHURETTED  HYDROGEN  (HaS). 

This  gas  is  only  to  be  used  when  iron  is  not  available.  It  may  be  produced 
by  passing  sulphur  dioxide  gas  (from  the  calcination  of  pjrrite),  together  with 
water  vapour,  over  red-hot  coke  or  charcoal,  or  by  forcing  the  same  gas  by  a 
steam  jet  through  glowing  charcoal  in  a  shaft  furnace,  alternately  with  air,  to 
keep  the  fuel  burning,  as  in  the  production  of  water  gas. 

SO2  +  3C  +  H2O  =  HaS  -f  3C0. 

Sulphuretted  hydrogen  may  be  prepared  by  leading  productT  gas  (from 
raw  fuel)  over  red-hot  pyritc, 

2FeS,+4H,<)+2CO  +  0=4iH,S-^F,03+2CO,. 

The  product  of  precipitation  by  sulphuretted  hydrogen  is  copper  sulphide 
(CuS)  containing  66  per  cent,  sulphur  and  equivalent  to  a  high-grade  ore. 

Ex.:  Preoipitation  by  sulphuretted  hydrogen  was  formerly  practised  in  Norway  and 
Spain. 

Ez>:  At  the  Bede  Metal  Works,  where  sulphuretted  hydrogen  was  employed  for  a 
time,  the  prooess  cost  more  than  precipitation  by  iron,  and  was  therefore  abandoned. 

6.— BY  ELJECTROLYSIS. 

It  has  been  proposed  to  precipitate  copper  from  its  solutions  by  electricity^ 
but  the  expense  prohibits  it»  one  horse-power  per  hour  precipitating  only  ^Ib. 
copper  at  a  cost  of  1.71d.  per  lb.,  while,  in  the  caee  of  refining,  2^  lb.  are 
precipitated  at  a  cost  of  only  0.27d.  per  lb. 

Owing  to  the  expense  of  electricity  in  Queensland,  due  to  the  absence  of 
eheap  natural  power,  electrical  precipitation  may  be  dismissed  from 
consideration. 

I^.— Treatment  of  the  Copper  Precipitates* 

1.— CEMENT  CJOPPER. 

Tlie  generally  impure  bulky  incoherent  metal  deposited  on  metallic  iron  is 
washed  as  free  as  possible  of  basic  iron  salts,  metallic  iron,  graphite,  ydlica,. 
antimony,  and  arsenic.  .It  is  tlien,  if  containing  more  than  55  per  cent,  copper, 
refined  direct^  or  else  smelted  in  a  reverberatory  furnace  for  blister  copper,  and 
then  refined ;  but  if  very  impure,  containing  less  than  15  per  cent,  copper,  it  is 

smelted  for  matte  with  the  addition  of  raw  ores. 

Ex.:  At  Stadtberge,  the  washer,  treating  five  tons  of  '^ cement"  in  ten  hour.s,  is  a 
wooden  drum  10  feet  long  and  4  foet  in  diameter,  provided  with  an  internal  spiral  cleat. 
A  stream  of  water  passes  through  the  drum  in  the  opposite  direction  to  the  copper,  nnd,  as 
a  Rtsiilt,  two- thirds  of  the  copper  contents  are  obtfuned  (assaying  90  to  95  per  cent.).  The 
^imes,  containing  10  to  25  per  cent,  copper,  are  agglomerated  with  lime  and  smelted. 

Ex.:  At  Antwerp,  the  cement  copper  is  washed  on  iron  Kieves  with  water,  under  a 
pressure  of  two  atmospheres,  to  dissolve  soda  sulphate.  The  cement  is  then,  to  prevent 
oxidation,  pressed  into  cakes  in  a  hydraulic  press,  under  pressure  of  fifty  atmospheres. 

The  copper  obtained  in  Van  Arsdale^s  Process  simply  needs  to  be  melted 

down.    It  may,  however,  contain  precipitated  Baits  of  iron  and  other  impurities, 

and  would  then  have  to  be  smelted. 
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2.— COPPER  SULPHITE. 

(Neiirs  Process.) 

The  sulphite,  after  washing  and  drying,  is  reduced  to  metallic  copper  hj 
fusion  in  a  reyerberatory  furnace  or  in  a  crucible,  practically  without  fluxes  and 
without  the  formation  of  a  slag.  The  copper  produced  is  pure,  and  free  from 
^old  and  silver. 

3.— CUPRIC  OXIDR 

(New  Hunt  and  Douglas  Process.) 

Reduction  to  metal  is  brought  about  by  smelting  with  charcoal,  and 
refining  if  necessary. 

4._CX>PPER  SULPHIDE 

(From  Precipitation  by  Sulphuretted  Hydrogen.) 

Tiie  precipitate  is  washed,  compressed  in  a  filter  press,  and  reduced  in 
rererberatory  furnace. 

l/f.— Details. 

1.— PLANT. 

(a)  Grxbral. 

As  each  separate  plant  differs  so  greatly  from  every  othw,  the  dearth  of 
detailed  information  regarding  those  in  operation  is  to  some  extent  explicable. 
The  example  given  below  is  of  one  of  tlie  mos^t  important  workst  in  the  United 
States. 

Ex. :  At  N'etroua,  where  200  tons  of  ore  are  treat4x]  per  day.  fourteen  muffle  furnaoe» 
(capacity  12  tons  in  three  charges  per  twenty<four  hours)  are  in  operation,  and  one  is  held 
in  reseryo,  »!1  being  connected  with  condensing  towern- 

T>e  following  diagramm'itic  pl'^nn  of  the  arrangement  of  the  plant  at  these  works  are 
from  Vol.  VIII.  of  the  "Mineral  Industry":  - 
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Fig.  2.— Gknkbal  Plan  of  Lkaching  Plant,  Natrona. 

The  leaching  tanks  are  eighteen  in  number,  eaoh  14  feet  x  4  feet  3  incbea  deep;  the 
settling  and  storage  tanks,  eighteen  in  number,  are  each  14  feet  x  14  feet  and  6  feet 
3  inches  deep ;  the  precipitation  vats,  ten  in  number  are  each  10  feet  x  14  feet  and  6  feet 
3  inches  deep;  and  the  ''cement'*  washing  taiilc»,  fourteen  in  number,  are  each  10  feet  x  10 
feet,  and  5  feet  deep.  There  is,  in  addition,  a  series  of  tanks  for  the  last  precipitation  of 
waste  liquors.  Space  has  to  be  allowed  for  enarines,  boilers,  cinders,  salt,  scrap  iron,  and 
cement,  and  for  the  hoist  from  muffles  to  the  tanks. 

Ex.:  At  Antwerp,  two  boilers  and  an  engine  furnish  50  N.H.P.  to  various  machines 
and  pumps.  There  are  twnty-four  solution  tank.^*.  each  82  feet  x  11  feet  6  inches  and 
n  foet  6  inches  dc^p. 

It  is  stated  in  the  *'  Mineral  Industry''  for  1893  that  the  cost  of  a  wet 
extraction  plant  is  four  times  that  of  smelting  plant  of  similar  capacity.  This 
is  speaking  of  the  Henderson  Process  in  particular.  The  plant  for  Neill's  or 
Van  Arsdale's  Process  should  not  cost  more  than  that  of  a  smelter.  The  cost 
of  a  cyanide  plant  to  treat  1,000  tons  a  month  may  he  taken,  for  purposes  of 
coTPparison,  as  £2,000. 

(b)  Vats  and  Tanks. 

(i.)  MfUeruils, — ^Vat^  and  tanks  may  be  constructed  of  masonry,  iron,  or 
timber,  provided  that  in  each  case  protective  materials  (cement,  lead,  red  lead, 
tar,  paraffin,  clay,  <kc.)  be  also  used.  The  disadvantages  of  masonry  are  the 
impo88ibility  of  detecting  leakages,  and,  in  the  case  of  a  subsidence  of  the 
foundations,  the  difficulty  in  rendering  the  tanks  tight  again.  By  the  exercise 
of  the  utmost  care  in  construction,  however,  these  give  every  satisfaction,  as  at 
Mount  Morgan,  where  used  in  the  chlorination  of  gold  ores. 

Tliough  iron  vats  are  preferred  to  wooden  ones  for  cyaniding  in  the  United 
States,  it  is  prol>able  that  the  difficulty  in  protecting  iron  against  the  cupreous 
solutions  would  necessitate  the  use  of  wood  or  masoniy  for  copper  leaching,  and 
the  la^t  having  been  put  out  of  count  we  must  look  to  timber  for  the  necessary 
materials. 

Tlie  corrosive  action  of  tiio  leaching  liquors  and  tlie  consequent  heavy 
repair  bill  are  the  main  things  to  be  kept  in  view  in  designing  vats.  Wooden 
pins  only  may  lie  used,  and  all  supporting  timbers^  planks,  and  pins  sliould  be 
tarred  on  all  sides  before  erection. 

(ii.)  Dimetisions. — Circular  vats  are  preferred  to  rectangular  ones  for 
cyanide  work,  because  of  the  greater  ease  in  keeping  them  free  from  leaks,  and 
because  of  their  greater  strength.  The  sides  of  tanks,  from  14  to  20  feet  in 
diameter  and  from  4  to  14  feet  deep,  are  constructed  of  5  by  2^  inch  or  6  by 
3  inch  planks,  while  the  bottom  is  made  of  12  by  3  inch  planks,  rebated  into 
the  sida  The  side  planks  are  kept  in  place  by  the  pressure  of  f  to  Ij^  inch 
diameter  iron  hoops,  pi'ovided  with  turn  buckles,  and  placed  15  to  18  inches 
apart.     The  cost  of  a  100-ton  vat  is  £42,  and  of  a  50a-ton  vat  £120. 
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The  comparatiye  weakness  of  the  square  vat  ha^  to  lie  oyercruTie  by  greater 
solidity. 

Ex.:  At  Natrona,  the  tanks  are  constructed  of  outer  and  inner  nbells  of  three-inch 
plank  (tarred  inside  and  out),  separated  by  a  space  of  three  inches,  which  is  filled  in  with 
a  composition  of  sand  and  tar.  A  three-inch  layer  of  the  same  composition  is  used  on  the 
floor  of  the  tank,  and  protected  from  wear  by  a  layer  of  chemical  brick.  The  solutions  are 
drawn  off  through  six-inch  square  wooden  blocks,  bored  and  provided  mth  plugs.  The 
leaching  tanks  are  12  feet  x  12  feet  and  4  feet  deep,  the  settling  tanks  12  feet  x  12  feet 
and  6  feet  deep,  and  the  precipitating  tanks  12  feet  x  12  feet  and  6  feet  deep.  In  the  first. 
:2-inch  X  2-inch  wooden  slats  are  laid  on  the  bottom,  and  covered  with  hay  or  coke.  The 
plans  jrivon  below  are  taken  from  an  article  by  Joel  G.  Clemmer.  in  Vol.  VIII.  of  *' Mineral 
Industry."  The  two  sides  shown  without  tension  rods  are  supported  by  adjacent  tanks. 
(See  Figs.  3  and  4.) 
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Ck>vered  vats  are  recommended  for  Neill's  Process.  Those  formerly  used 
for  chlorination  held  two  to  three  tons  of  ore,  and  were  7^  to  9  feet  in  diameter 
and  three  feet  deep.  They  were  built  of  2-inch  plank,  with  2^  by  3|  inch 
battens  over  the  joints  outside,  the  whole  being  covered  with  three  coats  of  tar. 
The  sides  had  a  batter  of  1  in  12. 

Gastriron  vats  mounted  on  trunions,  so  that  the  contents  can  be  tilted  into 
wa-t^  vats,  have  been  used  for  treating  ores  of  the  Black-Warrior  Group  of 
Miiies  in  Arizona,  U.S.A. 

(iii.)  Filters. — The  leaching  vats  have  false  bottoms  formed  of  slats,  and 
perforated  planks  or  acid-proof  slabs  of  stone,  upon  which  is  a  filter  of  straw., 
brushwood,  or  coke. 

For  cyaniding,  frames  have  superseded  sand  and  gravel  beds.  They 
consist  of  narrow  laths  one  inch  apart  with  transTerse  laths  forming  spaces  one 
inch  square,  and  in  large  vats  made  in  sections.  On  this  frame  strong  hessian, 
canvas,  cocoa  matting,  or  burlap  is  used,  and  kept  in  position  by  a  rope  passing 
round  the  circumference  of  the  vat  outside  the  frame. 

(e)  Foundations. 

It  ]&  imperative  that  there  shall  be  free  access  to  the  bottom  of  the  vat, 
whatever  the  foundation,  in  order  that  any  leaks  may  be  detected  and  repaired. 

Supports  for  a  70-ton  circular  vat,  20  feet  in  diameter  and  7  feet  high, 
oonsist  6t  horizontal  mud  sills  15  inches  by  6  inches  (if  a  rock  outcrop  is 
unavailable),  sole  pieces  10  by  8  inches,  supporting  uprights  8  by  8  inches, 
spaced  4  feet  centres,  with  braces  10  by  8  inches,  on  which  the  vat  rests. 

Steel  vats  up  to  25  feet  in  diameter  and  6  feet  high  are  mounted  on 
wooden  foundations,  supported  2  feet  6  inches  from  the  ground  by  8  by  6  inch 
bearers,  3  feet  centres,  resting  on  6  by  6  inch  uprights,  with  diagonal  braces 
4^  by  3  inch.     Sills  and  mudsills  are  of  8  by  6  inch  timber. 

At  Natrona,  the  ground  beneath  the  tanks  is  dug  up,  and  filled  in,  to  a 
depth  of  two  feet,  with  concrete,  to  prevent  loss  by  soakage  of  the  leakage 
from  the  tanks  ;  and  this  also  serves  as  a  ground  foundation  for  the  timbers. 

2.— ROASTING. 

The  object  of  roasting  is  to  remove  part  or  all  of  the  sulphur,  and  as  much 
as  possible  of  the  arsenic  and  antimony. 

(a)  Heap  Roasting. 

The  disadvantages  of  heap  roasting  are  the  great  quantities  of  fumes 
polluting  tJie  air  and  the  large  amount  of  ore  necessarily  locked  up  to  produce 
a  given  output.  Thus,  240-ton  heaps,  requiring  eighty  days'  treatment,  yield 
only  three  tons  a  day,  so  that  8,000  tons  have  to  be  roasting  to  keep  up  an 
output  of  100  tons  a  day. 

In  selecting  a  site  for  the  heaps,  drainage  has  to  be  kept  in  mind,  and  the 
ore  is,  if  possible,  to  be  protected  from  high  winds  causing  too  fierce  combustion. 

Hie  heap  is  built  in  tiie  shape  of  a  truncated  pyramid,  on  a  bed  of  fuel 
8  inches  to  15  inches  thick.  The  coarser  material  in  the  lower  and  central 
parts  is  surrounded  by  medium-sized  ore,  and  covered  by  fines.  Flues  for 
draught  are  left  in  the  layer  of  firewood,  and  connect  with  stacks  rising  through 
the  ora  The  height  of  the  heap  (from  5  feet  6  inches  to  8  feet  6  inches  as  a 
rule)  varies  inversely  as  the  percentage  of  sulphur  in  the  ore. 

The  ore  is  nm  from  the  mine  on  an  overhead  tramway,  and  when  roasted 
may  be  loaded  directly  into  a  truck  running  in  a  cutting  beside  the  heap. 

The  cost  of  heap  roasting  varies  from  2s.  to  4s.  p<&r  ton. ' 


(b)  Stall  Roasting. 

The  output  may  be  greatly  increased  with  very  little  extra  cost  by  n 
in  (tails  connected  with  a  central  stack  oonTeyin^  fumes  to  the  hi^iw  air.  Each 
■tall  may  hold  20  tons  of  ore  requiring  oidy  teai  days  to  roast,  so  that  the 
output  is  two  tons  per  dfty  per  stall,  llierefore,  1,000  tons  roastii^  in  60 
Btalle  will  produce  100  tons  &  day. 

Tlie  stalls,  8^  x  6i  feet  and  6  f«et  high,  are  arranged  back  to  back,  but 
wfwrated  by  the  iiinin  flue.  2  feet  in  diameter  and  3  feet  high,  with  which  they 
are  connected. 

(e)    PuRKACB  ROASTINO. 

(i.)  Burner. — Prrite  burners  are  used  almost  oxctuajveJy  in  works  for  the 
manufacture  of  sulphuric  acid,  the  object  being  te  obtain  the  sulphur  dioxide 
free  from  i;arboiiactH>us  gases.  Little  or  no  carbonaceous  fuel  is  used,  and,  the 
process  being  continuous,  only  enough  air  lo  oxidise  the  »ulphur  is  admitted. 
"Hie  pyrite  layer  is  18  inches  to  2  feet  deep. 

(ii.)  Muffle  Furtmcr. — A  plan  and  elevntionR  are  given  here  from  Phillips 
and  Bauerinnn'H  ''  KlenicntN  of  Metallurgy." 


Fio.  C— MurFLi  Fdanace.  LoNornjDifAL  Elsvation. 


Fig.  T.—MurrtJC  Flbkace,  Bosixostal  .Ssctio.n 


WoBsma  DooBB. 


— MurrLE  FUBHACC,  TRAKSVBRaR  Sbctios  throdgh  Wobkino  Doobb. 


TUs  is  designed  for  the  use  of  gaseous  fuel,  but  it  would  require  very 
alight  modificatJon  for  tbe  use  of  solid  fuel.  TUe  cbarfre  amounts  to  3^  tons, 
and  tbe  roast  requires  six  hours. 

(iii.)  Hand  Revtrberatiiry  Caleinera.—TlieBC  may  be  either  open  boBrtfa  or 
muffle.  The  cost  of  a  reverberatory  turuflce,  putting  through  13  tons  a  day,  is 
£600,  and  the  cost  of  calcination,  reducing  the  sulphur  from  40  per  cent,  to 
T  p«r  cent.,  ia  Ts.  per  ton. 

(iv.)  Automatic  Caleineri. — Automatic  calciners  are  chiefly  used  where 
labour  and  fud  are  dear,  their  construction  and  maintenance  being  costly^ — - 

(a)  Straight  hearth  :     Es. :    "  Ohara"  and  "  Spence"  ;    cost  of  furnace, 
about  £1,200 ;  and  cost  of  calcination,  2s.  per  ton. 

(b)  Annular  hearth  :   Ex. :   "  Pearce  Turret"  and  "  Horscehoe"  ;  cost  of 

furnace,  about  i£l,100;  and  coftt  of  calcination,  2s.  3d.  per  ton. 

(v.)  Revolving  Cylinden. — (a)  Continuous  discha^^ge :  Ex. :  "  HoweU- 
White";  used  in  South  Auettalia  and  at  Mount  Hoi^iao.  (h)  Intormittent 
diKhargo :   El. ;   "  Briickner." 

(ri.)  Shaft  Fumaee. — Ex. :  "  Hasenclover,"  a.  combination  of  stack  and 
rererberatory  furnace  used  in  pyrite  burning.  The  ore  falls  from  aide  to  side 
down  a  shaft  up  which  heated  gases  from  the  reverb«utory  pass,  and  the 
nilphur  being  reduced  from  10  per  cent  to  3  per  cent. 


3.— WORKING  COSTS. 

lu  Vol.  11.  of  the  "  Mineral  Industry"  (1893)  it  is  stated,  but  without 
fttrthar  particulars,  that  the  cost  (^  tha  Henderson  Process  is  29&  per  ton  of 
cmdw  containing  4  per  cent,  coppw,  as  afrainst  lOs.  6d.  by  smelting,  tbou^ 
the  cO[^)er  saved  is  as  3.7  ia  to  3.1.  Hie  silver,  however,  from  the  wet  process 
has  a  greater  value  than  that  in  the  mattes  a^d  the  value  of  the  purple  ore 
residue  from  tbe  vet  process  was  nob  consid^^. 

In  contradistinction  to  this,  it  is  stAted  in  ToL  VIII.  of  the  same  publica- 
tkin  (1899)  that  the  cost  1^  the  modification  of  Henderson's  Process  used  at 
Natrona,  PennBylvania,  is  cmly  ^».  9jd.  per  ton  of  ore  ti«at«d. 

Giadsc  gives  the  cost  tA  trealment  at  Rio  Tiuto  at  .£20  per  ton  of  :cof  per, 
which  is  equivaloDt  to  IOsl  per  ton  of  ore  treated. 


Ex. :  At  Rio  Tinto,  ores  yielding  only  1^  per  cent,  copper  have  been  Seated  at  a  profit, 
with  the  prioe  of  oopper  at  £50  a  ton. 

1  ton  of  oopper  is  produced  from  66}  tons  of  ore —  £ 

Wet  treatment  for  661  tons  ol  ore  at  Ss.  per  ton                          ...    10 
Mxtjing,  663  tons  of  ore  at  Se.  per  ton  10 

Total  expenses  per  ton  of  copper  produced    20 

Leaving  a  profit  of  £30  per  ton  of  oopper  produced,  or  Os.  per  ton  of  ore  treated.  These 
figures  are,  however,  altogether  exceptional,  and  only  serve  to  show  what  the  possilHlities 
are. 

The  cost  of  leaching  in  yats  will  vary  according  to  tlie  locality,  the  ore 
treated,  and  the  size  of  the  plant,  and  will  probably  comp>are  with  cyanide 
treatment,  which  averages  about  «5s.  per  ton. 

Ex. :    At  Rio  Tinto,  the  following  are  tiie  costs  by  the  sulphatising  process  (Eissler)  :— 

».   d. 

Mining  3    2^  per  ton  ore 

Roasting  0    8^ 


f» 


Cementation       2    3  „        „ 

6    2  •»        >» 

\V«tli    copper    at    £50    per    ton,    a    two    per    cent,    ore    will    yield   copper    valued   at    £1, 
leaving  a  profit  of  ISs.  lOd.  per  ton. 

Ex. :  At  Rio  Tinto»  the  following  were  the  costs  by  the  Dotsch  process: — 

£    «.   d. 

Lixiviation         3    7    0^  per  ton  of  oement  proper 

Precipitation      7    4  11 

(veneral  Expenses       ...     1    2    5' 


£11  14    4i 
Equivalent  to  13  16    0    per  ton  of  pure  oopper, 

or  0    3    8    per  ton  of  ore  treated. 

Kx. :  At  Natrona,  where  200  ton.s  of  ore  and  salt  are  treated  daily,  the  cost  of 
treatment  ih  £70  Os.  4d.,  equivalent  to  7s.  lid.  per  ton  of  pyrite.  The  men  employed 
include :  two  engineers,  one  mechanic,  three  firemen,  two  samplers,  and  six  mill  men : 
four  weigh-men  and  furnace  charges,  twenty -eight  furnace  men,  one  hoist  man,  twentv- 
M  ven  furiioce  material  handlers  and  wheelers,  two  leacliers,  and  four  copper  precipitators. 

Ex. :  At  Antwerp,  96  tons  of  ore  and  24  tons  of  salt  are  put  through  per  twenty-four 
hours,  at  a  cost  of  £1  6s.  8d.  per  ton  of  ore,  whioh  is  bought  for  3s.  4d.  per  ton.  Ninety- 
six  tons  of  ore  produce  three  tons  **  cement"  (equivalent  to  2*47  tons  copper),  valued  st 
£160  10s.  with  copper  at  £65. 

Expenses  of  treating,  £128 ;  total  profit,  £32  lOs. ;  and  profit  per  ton  of  ore,  6s.  8d. 

The  employees  include:  one  general  manager,  three  superior  officials,  ten  overseer:*, 
mechanics,  blacksmiths,  and  carpenters;  twelve  men  in  crushing  department;  twenty-eight 
men  at  roasting  furnaces:  twelve  men  at  precipitation  vats;  ten  chargers;  eight  loaders  of 
purple  ore :  sixteen  maintarniug  material  r  and  forty>three  general  hands.    Total,  143. 


I/ff.— Summary. 

BRIEF  DESCRIPTION  OF  COMPLETE  PROCESSES. 

l.-^ATMOsPHBaic  Oxidation. 

(Rio  Tinto.) 

Sulphides  ^re  expos^  ia  heaps,  leached  with  •  water  and  iron  sulphate 
liquors  (from  the  precipitation  vat*),  and  the  copper  precipitated  in  vats  by 
iron. 

2. — Slow  Roast. 

Tiu'  pro'-ess  is  the  sanie  .as  No.  I,  except  that  the  heaps  are  roasted  b^ore 
leach  incr. 

^.— Fbri^ous  Sulphate'  Roast. 

Differs  from  thie  aboVt'  7No/'2)  oAlV  in  that  ore  is  roasted  with  ferrout 
sulphate.  y  >   »   a  .    ...      . 
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4. — Nbill's  Procbsb. 


Rai¥  Su/phides 
Oxides 


or  C3rbon3tes 


ROASTER 


Roasted  ore 
CuOitCuCO 


COMPRESSOR 


MELTING 


Cu^SOj  ZH^O 


Fig  9.— Diaqbam,  Null's  Pboowb. 


Furnace 


Metailic 
V  Copper 


5. — ^Henderson's  Process. 


Rich  conrse.  Sutphtdrr^ 
&  common  s*i/t 


f  irif^s 


Roasted  ore 


IRTATI0N\>^,$3^ 


VAT    I  so/ahan 


CementCopper 


^'^    "^  \  Waste 

VAT     /  sot ut ion 


Cement  Copper 

FlO.  10.— DiAOBAM,  HSNDEBSON'a  PbOOEBS,  AS  FBAOnSBD  AT  RiO  TlHTO. 
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Modification  (Rio  Tinto). — Residues  from  Bulphuric  acid  manufacture  ai« 
roasted  with  common  salt ;  the  chlorides,  oxides,  and  sulphate  are  then  leached 
out  with  water  and  acid  liquors  from  the  precipitation  tanks.  The  sulphide- 
bearing  residue  is  allowed  to  oxidise  while  covered  with  sulphides  mixed  with 
common  salt  and  manganese  dioxide  to  produce  copper  chlorides^  which  ore 
reduced  with  iron. 

Modification  (Rio  Tinto). — The  ferric  chloride  from  the  roast  heaps  is 
used  for  leaching  the  sulphide  fines,  formix^  cupric  chloride,  which,  aftw  the 
solutions  have  settled,  is  precipitated  in  the  ordinary  waj. 

Modification  (Oker). — Sulphides,  after  an  oxidising  roast  in  pyrites 
burners,  are  further  roasted  with  common  salt  in  a  gas  furnace :  the  chlorides 
and  sulphate  are  leached  out  with  water  in  yats,  and  the  copper  precipitated  in 
separate  vats  by  metallic  iron. 

Modification  (Antwerp). — Sulphide  fines  are  roasted  with  common  salt  in 
a  muffle  furnace,  and  the  sulphurous  and  chlorine  gases  given  off,  after  conden- 
sation and  absorption  by  water  in  a  tower,  are  used  for  leaching  together  with 
the  acid  liquors  from  t^e  precipitation  vats.  The  cupric  chloride  is  reduced 
by  iron. 

Modification  (Natrona). — The  burnt  pyrite  is  roasted  with  common  salt  in 
a  muffle  furnace,  and  leached  in  vats  with  water,  and  the  condensed  gases  given 
off  during  the  roast.     Precipitation  from  the  cupric  chloride  is  by  iron. 

Modification  (Combination  with  Claudet  Process). — The  silver  in  solutions 
from  the  leaching  vats  is  precipitated  by  the  addition  of  zinc  iodide,  and  the 
copper,  free  of  silver,  is  then  reduced  from  the  chloride  solutions  witii  iron. 

Modification  (Dotsch  Process). — The  pyrite  fines  are  leached  in  heaps  with 
ferric  sulphate  and  common  salt  and  ferric  chloride  (produced  by  the  action 
of  chlorine  on  ferrous  chloride).  Precipitation  is  by  iron,  ferrous  chloride  being 
formed  at  the  same  time. 


6. — Sulphuric  Acid  Procbsb. 

(Stadtberge.) 

Carbonate  ores  are  leached  in  tanks  with  acid  formed  by  the"  combination 
of  water,  sulphur  dioxide  (from  pyrites  burners),  and  nitrous  oxides  (from  a 
nitre  fumaoe),  together  with  the  acid  liquors  from  the  precipitation  tank, 
where  copperiia  reduced  by  iron. 


7. — ^Hydrochloric  Acid  Process. 

(Stadtberge.) 

Agrees  with  the  sulphuric  acid  process  in  ail  except  that  hydrochloric  aoid 
replaces  Bulphuric,  and  that  the  silver  is-pgeoipitatcd  on  the  first  c^  the  copper 
throw  down,  and  is  thereby  saved. 


8. — Old  Hunt  and  Douglas  Process. 

Oxidised  ore,  after  a  heap  roasty-is>agit«i;ed  with  ferrous  chloride,  produced 
by  mixing^ferouArsulpbaie  and.oommosMsalt^  and  ako  hj^.^pjnoiffMmn.i^  the 
copper  by  iron. 
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9. — ^Nbw  Hunt  and  Douglas  Proobsb. 


Ore  or  Marte 


LEACHINC\  Fe^O 
TANK     ' 


Au,s  Ag  to  farnxe 


[charcoal 
i  furnace 


I 

\}  Copper 

Fio.  11.— DiAGBAM,  New  Hunt  and  Douglas  Pboobbs. 


10. — Van  Arsdalb's  Proobbs. 


iL 


Su/phides  etc 


ROASTING 
FURNACE 


vT, 


tj         CuSQ^  soJuffon 


SATURATION 


TC 


WCR 


Mefa/fic  Copper 

Fig.  12.— Diagbau,  Van  Absdalb's  Pbocess. 
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l/f fl.~£fectrofyt/c  Extraction  from  the  Ore. 

There  are  two  processes  (Siemens-Halske's  and  Hoepfner^s)  ayailable  for 
the  electrolytic  extraction  of  copper  from  its  ores,  but  nothing  has  yet  been 
proved  as  to  their  working  on  a  commercial  scale.  Important  results  have  been 
obtained  in  the  refining  of  the  metal,  but  it  is  held  that  even  in  that  cajse 
electrolytic  methods  should  only  be  considered  when  precious  metals  are  at 
the  same  time  saved,  and  a  high  price  is  obtained  for  the  refined  copper. 

1. — Copper  Sulphate  Solution. 

(Siemens-Halske  Process.) 

The  copper  sulphide  is  dissolved  by  a  solution  ol  ferric  sulphate  containing 
free  sulphuric  acid.  The  anode  of  carbon  and  the  cathode  of  sheet  copper  are 
separated  by  a  diaphragm  previous  to  the  solutions. 

2. — Copper  Chloride  Solution. 

(Hoepfner^s  Process.) 

The  chlorides  are  dissolved  and  held  in  solution  by  common  salt  or  calciiun 
chloride,  and  separate  solutions  are  delivered  to  a  series  of  carbon  anodes  and 
cojijitr  cathodes  (on  which  copper  is  deposited),  separated  by  diaphragms. 


By  Authority :  Georgb  Abthur  Vauguan,  Qoverument  Printer,  William  street,  Brisbane. 
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LETTER    OF   TRANSMITTAL. 


Geological  Survey  Office, 

Brisbane,  12th  May,  1904. 

Sir, — ^I  have  the  honour  to  forward  for  publication  a  report  by  Mr.  L.  C. 
Ball  on  "  Certain  Iron  Ore,  Manganese  Ore,  and  Limestone  Deposits  in  the 
Central  and  Southern  Districts  of  Queensland." 

The  work  entailed  in  the  preparation  of  the  report  has  extended  over  many 
months,  and  a  great  number  of  localities  have  been  inspected  with  the  view  of 
obtaining  all  necessary  information.  Much  more  requires  to  be  done,  however, 
in  the  Northern  districts  of  the  State,  and  it  is  to  be  hoped,  in  view  of  its 
importance,  that  facilities  will  be  granted  to  have  the  work  completed  later  on. 

A  Royal  Commission  was  appointed  by  the  Governor-General  to  report  on 
the  Bonuses  to  Manufacturers  Bill,  and  three  sittings  were  held  in  Brisbane 
on  Ist  and  2nd  May,  1903.  Evidence  was  given  on  the  occurrence  of  deposits 
of  ores  of  iron,  chromium,  wolfram,  molybdenum,  coal,  and  of  limestone,  and 
the  witnesses  examined  were  Captain  Richards,  of  Mount  Morgan,  Mr.  W. 
Fryar  (Chief  Inspector  of  Mines),  Mr.  J.  Hargreaves  (mining  surveyor),  Mr.  L. 
C.  Ball,  and  myself.* 

The  whole  of  the  evidence  showed  conclusively  that  Queensland  has  vast 
resources  in  the  raw  material  required  for  iron  and  steel  manufacture,  and  in 
this  Report — so  far  as  iron,  manganese,  and  limestone  in  the  Central  and 
Southern  districts  are  concerned — Mr.  Ball  has  given  the  details  of  what,  at 
that  inquiry,  was  only  shown  in  outline. 

I  have,  kc, 

B.  DUNSTAN, 

Acting  Government  Geologist. 

The  Under  Secretary  for  Mines, 

Department  of  Mines,  Brisbane. 


*  The  Parliament  of  the  Commonwealth  of  Australia.  Report  from  the  Royal  Com- 
miaion  on  the  Manufacturers  Bill,  together  with  the  Proceedintfs,  Minutes  of  Evidence,  and 
Appendices.    Fcap.    ByAuth.:  Melbourne,  1904 ;  p.p.  194. 
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CERTAIN  IRON  ORE.  MANGANESE  ORE.  AND  LIME- 
STONE DEPOSITS  IN  THE  CENTRAL  AND 
SOUTHERN  DISTRICTS  OF  QUEENSLAND. 


I.— ROCKHAMPTON  DISl^RICT. 
/T— Iron  Ore  Deposits. 

The  deposits  in  the  Central  District  were  hurriedly  inspected  with  a  view 
to  giving  information  to  the  Iron  Bonus  Commission  sitting  at  the  time,  and 
it  will  therefore  be  necessary  for  more  detailed  work  to  be  done  as  time 
permits,  at  least  in  the  case  of  Iron  Island  and  the  Dee  River  deposits. 

It  has  been  considered  advisable  in  describing  the  deposits  to  work  from 
north  to  south,  and  in  that  order  the  descriptions  will  be  found  in  the  following 
pages.    (See  Locality  Map  1.) 

L— IRON  ISLAND. 

Locality. — Iron  Island,  one  of  the  smallest  of  the  Duke  Group  in  the 
Northumberland  Islands,  is  about  forty  miles  north-east  of  St.  Lawrence,  and 
midway  between  Rockhampton  and  Mackay.  It  lies  just  south  of  the  north- 
western headland  of  Marble  Island,  with  which  it  is  connected  at  low  tide. 
There  is  deep  water  on  the  south,  south-east,  and  south-west,  and  an  anchorage 
in  five  fathoms  between  it  and  Marble  Island  on  the  south-east.  (See  Plan  2 
and  Plate  1a.) 

The  island  is  now  held  as  a  mineral  lease  at  a  yearly  rental  of  10s.  per 
acre.  No  previous  official  report  has  been  made  on  the  island,  but  Dr.  Jack, 
in  a  map  accompanying  a  "  Report*  on  the  Greological  Features  of  the  Mackay 
District,"  1887,  shows  rich  haematite  on  Iron  Island.  He  paid  a  brief  visit  to 
the  Duke  Group,  and  described  the  limestones.  Owing  to  the  very  brief  time 
spent  here,  the  present  report  must  be  looked  upon  as  only  preliminary. 

Extent. — The  island  is  20  chains  in  greatest  length  and  eight  chains  in 
greatest  width,  and  the  whole,  except  a  strip  of  one  to  two  chains  wide  on  the 
west  and  a  sand  flat  five  chains  across  on  the  north,  is  iron  ore.  The  highest 
point  of  the  island  is  120  feet  above  high-water  mark. 

Taking  the  specific  gravity  of  the  ore  as  4.5,  there  will  be  3.4  tons  per 
cubic  yard,  and  the  amount  of  ore  above  high- water  mark  will  be  IJ  million 
tons.  The  additional  ore  between  the  tides  (23  feet)  will  amount  to  three- 
quarters  of  a  million  tons,  making  a  total  of  2^  million  tons  of  available  ore. 

It  is,  of  course,  possible  that  there  may  be  slate  in  the  interior  of  the  hiU, 
but  that  can  only  be  proved  by  adits  or  shafts. 

Geology. — The  rock  on  the  western  side  of  the  island  is  greenish,  highly- 
altered  trachyte,  in  which  there  has  been  a  great  development  of  east  and  west 

*  G.S.Q.  Publication  No.  39. 


10 

«roB8  quartz  veins,  probably  formed  before  the  iron  was  introduced  into  the 
adjacent  country.  On  the  south  side  of  the  island  are  three  outcrops  of  pure 
white  statuary  marble,  from  10  to  20  feet  across  and  from  20  feet  to  a  diain 
in  length.  The  ore  has,  in  my  opinion,  metasomatically  replaced  limestone 
And  slate  (see  Plate  1b),  and  the  formation  of  ore  may  be  still  going  on,  for  the 
ridge  top  supports  figs  and  scrub  vegetation,  showing  that  spring  water  is  still 
reaching  the  surface.  The  ore  may,  therefore,  be  expected  to  continue  to  some 
depth. 

Ore. — The  ore  consists  in  greater  part  of  cryptocrystalline  magnetite, 
with  massive  haematit-e,  and  scarcely  a  trace  of  visible  impurity.  Its  specific 
gravity  is  4.5  to  4.6.  Blocks  of  ore  up  to  10  feet  in  diameter,  weathering  with 
every  appearance  of  slate,  are  piled  up  round  the  base  of  the  island,  as  seen  in 
the  accompanying  photographs.    (Plates  2  and  3.) 

A  rough  surface  sample  was  taken  from  the  whole  of  the  iron  ore  area^  and 
its  analysis  is  given  below,  together  with  that  of  a  single  specimen  from  the 
south  side  of  the  island. 


Sample 

Specivev 

(Mount  Morgan  Co  '9  Analjvt).  • 

•.GoTernment  Analyst). 

Water    ... 

0.13 

0.46 

Silica 

«.•)! 

1.73 

Alumina 

ZtoD              ... 

2.71 

Iron 

f  64.72            

\  equivalent  magnetite  89.73 

r  63.W 

\  equivalent  heematite  91.34 

Manganese 

•  •  ■                        •  •  ■ 

— 

Lime 

2.86 

5.63 

Magnesia 

1.07 

trace 

Phosphorus 

0.065 

trace 

Titania  ... 

•  ■  •                        •  •  • 

— 

These  show  the  silica  to  be  phenomenally  low.  The  phosphorous  is, 
however,  too  high  (in  the  sample)  for  the  Acid-Bessemer  process,  but  it  must 
bo  remembered  that  this  is  a  general  sample.  On  thoroughly  sampling  the 
whole  island  it  would  probably  be  possible  to  eliminate  the  phosphoric  portion. 
The  Lake  Superior  ores  range  from  0.009  to  0.067  per  cent,  phosphorus,  so 
that  a  separation  has  to  be  made  even  there.  The  percentage  might  be  reduced 
by  niixinp:  with  other  ores  low  in  phosphorus. 

Workings. — No  work  has  yet  been  done  on  the  island.  There  will  be  no 
difficulty  in  working  down  to  tide  level,  but  to  work  below,  a  wall  of  ore  would 
have  to  be  left  to  prevent  the  entrance  of  the  sea  water. 

Treatment. — On  Marble  Island  there  is  plenty  of  room  for  the  erection  of 
furnaces  to  which  tiie  ore  could  be  conveyed  by  way  of  a  viaduct  across  the 
channel  between  the  two  islands.  ' 

Either  coal  or  coke  might  be  brought  there  from  Rockhampton,  Burrum, 
or  Ipswich,  necessitating  carriage  by  train  of  90,  18,  and  22  miles,  and  by  boat 
of  150,  300,  and  500  miles  respectively.  Were  the  cokes  equal  in  quality  it 
would  be  therefore  cheaper  te  obtain  supplies  from  the  Burrum  or  else  from 
Ipswich. 

Alternative  sites  that  have  been  suggested  for  furnaces  are  St  Liawrenoe, 
Broadmount,  Port  Alma,  and  Gladstone. 

On  the  Styx  River  (St.  Lawrence)  Coal  Field,  which  covers  an  area  of  156 


*  Advantage  was  taken  of  Captain  Richards*  disinterested  offer  to  have  the  analyses  noade  at 
the  Mount  Morgan  works  hecause  of  the  necessity  of  having  them  done  immediately. 
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square  miles,  there  are  several  small  seams,  and  one,  at  Waverley  Creek, 
showing  4  feet  11  inches  coal  and  two  bands  amounting  to  two  feet.  The  coal 
contains : 

Water  2.3     per  cent. 

Vol.  Hydrocarbons    ...         22. S9         „ 

Fixed  Carbon  ...         63.11         „ 

Sulphur  ..         ...  0.55         „ 

Ash  10.78         ,. 

but  it  does  not  appear  to  coke.*  The  workings  are  some  eight  miles  from 
Broad  Sound,  and  the  distance  from  Iron  Island  is  60  miles.  There  is  diflBculty 
in  navigating  this  part  of  the  coast  owing  to  the  shoals. 

Broadmount,  at  the  mouth  of  the  Fitzroy  River,  150  miles  from  Iron 
Island,  is  already  connected  by  rail  with  the  Central  District  Coalfields,  whence 
either  coke  or  semi-anthracitic  coal  could  be  brought.  This  would,  however, 
require  a  train  journey  of  at  least  100  miles.  The  coal  has  hitherto  been 
believed  to  be  wholly  semi-anthracitic  in  character,  but  quite  lately  certain 
seams  have  been  proved  to  yield  coking  coals.  The  following  is  a  typical 
analysis  of  coal  hitherto  raisedf  : — 

Water             ...  ...  S.?')  per  cent. 

Vol.  Hydrocarbons  ...  12.98         „ 

Fixed  Carbon  ...  78.45         „ 

Sulphur          ...  ...  trace 

Ash                 ...  ...  4.84         „ 

Manganese  ore  occurs  at  Coorooman  (27  miles  distant  by  rail),  and  limestone 
could  be  brought  in  tugs  from  20  miles  up  the  river,  where  there  are  large 
l)eds,  or  else  from  the  immense  deposits  on  Raglan  Creek,  20  miles  to  the 
south. 

Port  Alma  might  be  connected  with  both  Rockhampton  and  Gladstone; 
but  it  is  understood  tliat  it  is  difficult,  if  not  impossible,  to  obtain  foundations 
in  the  alluvial,  and  the  erection  of  furnaces  near  tlie  wharves  is  therefore  not 
practicable. 

At  Gladstone,  on  Port  Curtis,  there  are  besides  immense  supplies  of  lime- 
stone (20  miles  up  the  Calliope  River),  manganese,  and  a  certain  amount  of 
iron  ore,  and  it  has  been  proposed  to  construct  a  railway  to  the  Callide  Coal 
Field,  whence  coal  could  be  brought.  It  has  not  been  proved  that  this  is  a 
coking  coal,  though  there  is  probably  coal  that  will  coke  on  the  field. 

II.— STANAGE. 

Locality. — Stanage  Point  is  near  the  northern  extremity  of  the  large 
peninsula  (county  of  Palmerston),  lying  midway  between  Rockhampton  and 
^iackay.  The  nearest  town  is  St.  Lawrence,  which  liob  37^  miles  distant  to 
the  west'South-west  across  Broad  Sound.  Stanage  Bay,  to  the  north  of  the 
point,  gives  an  anchorage  (2J  fathoms)  in  fair  weather.  Sufficiently  deep 
^ater  (2^  fathoms)  for  loading  reaches  close  up  to  the  shore  at  the  mine.  {See 
Plan  3.) 

Iron  Knob,  as  the  deposit  is  called,  rises  to  a  height  of  30  feet  directly 
from  the  beach  on  the  eastern  side  of  Bald  Hill. 

•R-port  on  the  Stjx  River  Coal  Field.       By  W.  H.  Rands.       Brie.:    By    Auth.,  1892. 
<5.S.Q.P.,  No.  84. 

t  Report  on  the  Oe'>logy  of  the  Dawson  and  Mackenzie  Rivers,  &c     By  B.  Dunstan.     Bris.: 
By  Aath.,  1901.    G.S.Q.P.,  No.  155. 
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Dimensions, — ^The  width  of  ore  varies  between  six  and  ten  feet  for  a  distance 
of  50  feet,  and  it  can  be  traced  for  a  further  distance  of  25  jards  to  the  south. 

Ore, — On  the  surface  the  ore  is  black  pulverulent  magnetite,  with  a  certain 
amount  of  haematite,  and  its  specific  gravity  is  4.5.  It  is  somewhat  veined 
by  quartz,  and  contains  a  small  amount  of  copper  ore  in  scattered  bunches, 
probably  less  than  two  per  cent,  even  in  the  richest  places.  In  these  bunches 
the  chalcopyrite  occurs  as  fine  threads  and  grains,  gradually  fading  into  the 
magnetite. 

An  analysis  (Mount  Morgan  analyst)  of  a  surface  sample  of  the  ore  gives : — 

Iron        ...         60  per  cent. 

Phosphorus       ...         ...         Nil. 

The  ore  from  a  depth  is  massive,  has  a  purplish  tint,  and  is  freer  than 
the  surface  stone  from  quartz  veins.  That  from  the  underlie  shaft  mentioned 
below  contains  veins  of  greenish  magnesian  silicate,  usually  seen  in  altered 
slate,  and  on  fractures  a  thin  layer  of  mammilated  hyalite  is  often  developed, 
especially  where  there  is  a  trace  of  chalcopyrite. 

The  limit  of  the  deposit  is  well-defined  on  the  west,  but  the  country  on  the 
east  is  veined  and  laminated  with  ore  for  a  few  feet ;  and,  as  specimens  can  be 
obtained  both  from  the  shafts  and  the  surface  showing  indistinctly  the  structure 
of  slate,  it  may  be  taken  that  the  ore  has  replaced  quartz-veined  country, 
probably  on  the  eastern  side  of  a  fissure.  The  main  portion  of  the  lode  strikes 
north-north-east,  and  seems  to  cross  the  bedding  of  the  country,  but  the 
remainder  bends  round  almost  to  north  and  south. 

An  estimate,  necessarily  rough,  of  the  amount  of  ore  above  a  depth  of  100 
feet  is  7,000  tons. 

Country, — The  immediate  country  rock  is  greenish  tuff  slate  and  con- 
glomerate, while  further  west  is  an  ordinary  clay  slate.  Blocks  of  marble 
occur  on  the  beach  but  the  bed  itself  is  not  visible.  The  country  rock  east  of 
the  deposit  is  veined  with  quartz  in  a  similar  manner  to  the  ore;  this  quartz 
contains  no  cavities  except  where  spangles  and  bunches  of  chlorite  have 
weathered  out  from  it.  The  country  rock  at  a  depth  consists  of  impure  lime- 
stone, and  it  is  this  chiefly  that  the  iron  ore  has  replaced.  The  less  pure  parts 
of  this  limestone  have  been  altered  into  a  greenish  schist  with  disseminated 
crystals  of  calcite.  The  limestone,  like  the  slates,  is  veined  with  crystalline 
white  quartz  containing  bunches  of  chlorite,  and  in  addition,  radiating  crystals 
of  epidote.  The  formation  of  nodules  of  garnet  can  also  be  seen  in  places. 
Evidently  there  has  been  great  regional  metamorphism  here,  causing  rearrange- 
ment and  segregation  of  certain  of  the  mineral  constituents  of  the  rocks,  and 
the  production  of  a  schistose  structure.  My  opinion  is  that  the  iron  has  been 
introduced  subsequently,  probably  owing  to  a  deep-seated  intrusion,  and  preci- 
pitation has  been  caused  by  the  limestones. 

Workings. — This  deposit  was  worked  thirty  years  ago  for  copper.  A  shaft 
was  then  sunk  on  the  seaward  side  of  tlie  Knob,  in  the  hope  that  the  amount  of 
copper  would  increase  with  depth.  The  ground  then  lay  abandoned  till  1902, 
when  it  was  again  taken  up  and  the  shaft  continued  to  a  depth  of  90  feet  It 
was  then  abandoned,  probably  because  of  the  entrance  of  sea  water,  and  an 
underlie  shaft  was  sunk  to  100  feet  depth  at  the  foot  of  the  cliff,  a  chain  from 
the  first  shaft.     Both  shafts  are  now  full  of  water. 

Conclusion. — This  deposit  is  of  importance  in  connection  with  that  at 
Iron  Island,  its  composition  being  in  direct  contrast  to  that  at  the  latter  place. 
It  also  points  to  the  possibility  of  other  deposits  being  found  along  this  coast, 
and  in  fact  another  has  been  reported  to  exist  on  Long  Island,  in  Broad  Sound. 
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III.— OLSEN'S  CAVES. 

(a)  Portion  95v,  Fitzrot. 

Locality, — The  main  outcrops  of  iron  ore  in  the  vicinity  of  Olsen's  Caves 
are  on  portion  95 v,  Fitzroy,  14  miles  north-north-west  of  Rockhampton,  and 
51  miles  north-east  of  the  nearest  point  of  the  Fitzroy  River,  which  is  there 
navigable  for  small  boats.     The  road  to  the  river  has  a  down  grade  all  the  way. 

Extent. — ^There  are  hve  outcrops  from  one  to  five  chains  in  length  and 
from  two  feet  to  two  chains  across,  formed  of  boulders  up  to  10  feet  in 
diameter.  The  main  bodies  lie  on  north  and  south  lines,  between  portions  2371 
and  18v.  Owing  to  the  thick  grass  at  the  time  of  my  visit  it  was  difficult  to 
determine  the  extent  of  the  deposits,  but  it  is  believed  that  the  areas  shown 
Lave  not  been  exaggerated.     (See  Plan  4.) 

Taking  the  depth  of  the  deposits  as  equal  to  one-half  the  length,  and  only 
considering  the  three  main  ones  shown  on  the  plan  (marked  b,  c,  and  d), 
which  are  two,  two,  and  four  chains  long  and  two,  one,  and  one-third  chain 
wide,  the  amount  of  ore  here  is  over  one-quarter  of  a  million  tons. 

Ore. — The  ore  consists  of  massive  haematite  and  magnetite  (specific 
gravity  4.8),  with  scarcely  any  visible  impurity,  except  a  little  quartz  in  cracks 
far  apart.  A  sample  from  the  eastern  line  of  outcrops  (that  marked  b,  c,  d) 
assays  (Mount  Morgan) : — 

Iron  67  percent. 

PhoNphorus        ...         ...         trace 

Another  from  the  western  line  yields  (Mount  Morgan) : — 

Iron  73  percent. 

Phosphor  us        ...         ...         ni). 

(This  result  is  slightly  higher  than  that  necessary  for  pure  magnetite.) 

The  ore  is  thus  specially  suited  for  the  Acid-Bessemer  process  and  of  value 
for  mixing  with  phosphoric  ores,  such  as  that  on  Iron  Island,  to  render  them 
low  enough  in  phosphorus  to  be  treated  by  the  same  process. 

Geology. — That  the  ore  here  replaces  limestone  is  proved  by  specimens 
showing  the  partial  replacement,  and  besides  where  the  ore  can  be  seen  in 
contact  with  limestone  veins,  and  branches  of  the  former  pass  into  the  latter. 
Nothing  more  definite  can  be  said  as  to  tlie  origin  of  the  deposits.  They  may 
be  contact  deposits  of  the  Christiania  type,  as  their  position  on  the  edge  of  tlie 
limestone  indicates ;  but  so  little  could  be  seen  owing  to  the  grass  that  this 
cannot  be  affirmed.  No  contact  minerals  were  found  there.  The  country 
rocks  consist  of  slates  and  limestones,  but  as  no  fossils  have  been  found  in  them 
their  age  is  unknown.  Devonian  strata  occur  some  miles  to  the  south  (at 
Raglan),  and  may  be  connected  with  them. 

(6)  Portion  22v,  Fitzrot. 

Locality. — Crown  land,  north-east  of  portion  22v,  Fitzroy,  three-quarters 
of  a  mile  west  of  the  above  described  deposits. 

Ertent. — Tlie  outcrop  was  followed  in  a  north-westerly  direction  for  twp 
chains,  its  width  varying  from  five  feet  to  five  yards.  Another  small  outcrop 
is  liaid  to  occur  10  chains  to  the  north-west. 
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Ore. — The  ore,  which  occurs  on  the  western  eide  of  a  bed  of  white  lime- 
atone,  consists  chiefly  of  magnetite  (specific  gravity,  4.86),  very  impure  as  a 
wliole,  much  of  it  being  intergrown  with  gamet  rock.  A  sketch  (Fig.  1)  of 
a  specimen  of  this  is  given  below — it  probably  represents  slate  or  impure  lime- 
stone partly  replaced  by  magnetite. 

Pig.  1. 


*  MAliNETLTK.  +  GaKKET. 

IV.— KABRA. 

Locality. — Kabra  is  a  junction  on  the  Ceiiti'al  Railway,  II  miles  south- 
west from  Rockhsmpton  and  the  Fitxroy  Kiver.  Ore  has  been  worked  on 
portion  9T:f,  Graeeiiiere,  about  a  mile  nortli-weat  of  the  station,  and  other 
small  deposits  are  found  capping  a  ridge  running  south-east  through  portion 
I46v,  Gracemere.     (iS'ee  Plan  o.) 

(iculogy. — In  tliis  locality  tlie  irai'.  ore  occm's  in  p.ttc]ieK  of  liiglily-aJtered 
sedimentary  rocks,  the  reumants  ot  a  former  continuous  covering  over  tie 
syenitic  granit*,  wliidi  extends  fi-oiii  here  soutliwarda  to  Mooiimera,  Besides 
the  iron  ore,  actinolite  and  epidote  have  been  developed  in  the  sedimentaries. 
Extensive  beds  of  limestone  lie  to  the  north  of  the  area  being  considered ;  they 
are  slightly  garnet iferous  in  moRt  plat'e^;,  ojid  the  only  fossils  not  obliterated  are 
ciinoid  joints.  The  deposits  are  of  the  Christianin  contact  type,  and  therefore 
only  to  be  expected  in  the  calcareous  sedimentaries  near  the  intrusive  granite. 


-The  ore 


s(Mo. 


magnetite  ot  specific  gravity  4.75,  the 

t  Morgan)  :— 


Silica 
Alumina 


iVlagnesia  ,.,  ...         trace 

Phosphorus  ...  ...         trace 

Titnnia  ...  ...  — 

This  shows  the  ore  to  be  quite  equal  to  tJie  Scandinavian  product.  Were  there 
any  large  quantity  available  it  would  be  of  value  for  niixing  with  the  Iron 
Island  ore. 

Amouiit.—ln  the  lower  qnnrry  is  a  patch  of  ore  eight  feet  in  greatest 
lUicknesB,  but  its  length  is  less  than  a  chain.  There  are  probably  a  number  of 
smnll  lenses  here  which  could  not  be  worked  to  any  extent  profitably.  Though 
there  is  no  large  body  of  ore  here  much  magnetite  is  distributed  through  the 
slates,  but  of  course,  quite  unavailable. 
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The  only  output  thus  far  has  been  250  tons    sent    as    flux    to    Mount 
Chalmers. 

Workings. — NichoU's  Quarry  on  the  body  above  referred  to  is  ten  feet  in 
diameter  and  six  feet  deep.    Besides  it  there  are  only  a  few  trenches. 


v.— MOUNT  MORGAN. 

(a)  Constitution  Hill. 

Locality. — Constitution  Hill  is  three  miles  north-east  of  the  Mount  Morgan 
terminus,  on  the  eastern  side  of  the  Dee  River.  Between  the  Dee  and  the 
Rockhampton  Railway  Line  the  country  presents  considerable  obstacles  U> 
transportation,  so  that  the  ore  would  have  to  be  taken  down  the  river  to  the 
terminus  in  case  of  it  ever  being  worked.     (See  Plan  6.) 

Exfent. — Boulders  and  fragments  of  ore  cover  a  belt  with  an  average- 
width  of  six  feet  from  near  the  hilltop  •  (where  15  feet  wide)  to  the  bottom, 
some  200  feet  below  on  the  south;  the  ore  gradually  gets  more  siliceous 
towards  the  south,  there  being  in  tJie  lower  part  probably  only  one  to  three 
feet  of  pure  ore,  and  ten  feet  of  siliceous  ore  and  ferruginous  quartzite.  To 
the  north  the  ore  remains  pure  and  increases  in  thickness,  probably  to  ten 
feet,  but  after  two  chains  it  either  cuts  out  or  "  pinches."  There  may  be 
several  other  parallel  bodies  of  ore.  Taking  the  length  as  five  chains,  the  depth 
as  one-half  that,  and  the  thickness  as  six  feet,  there  will  be  approximately 
35,600  tons  of  ore  here. 

The  long  grass  clothing  the  slopes  at  the  time  of  my  visit  rendered  it 
difficult  to  determine,  even  approximately,  the  extent  of  the  deposit;  trenching- 
would,  in  any  case,  be  necessary  before  tlie  exact  size  could  be  decided. 

Ore. — The  greater  part  of  the  ore  on  the  south  is  magnetite  of  specific 
gravity  4.53,  that  on  the  north  is  haematite,  the  former  being,  as  a  rule,  more- 
siliceous  than  the  latter.  Samples  of  the  less  siliceous  material  over  an  average 
width  of  six  feet  were  assayed  (at  Mount  Morgan)  for  the  following  results : — 


North  end. 

South  end. 

Water 

046 

0-30 

Silica 

400 

2-30 

Alumina 

2  02 

1-55 

Lime 

9-20 

2-80 

Magnesia 

614 

085 

Phosphorus 

trace 

008 

Iron 

5580  • 

62  40 

The  ores  are  thus  specially  pure,  though  that  from  the  south  end  shows  a. 
rather  high  percentage  of  phosphorus — that  is,  for  the  Acid-Bessemer  process, 
vhich  is  the  more  likely  to  be  used. 

Workings. — Several  small  potholes  have  been  opened  on  the  outcrop, 
but  there  are  no  workings  worthy  of  the  name.  Owing  to  the  large  quantity 
of  interlaminated  siliceous  rock  the  ore  would  be  difiicult  to  work  on  a  large 

scale. 

Geology. — The  country  rock  is  altered  slate  with  a  north  and  south  strike, 
and  the  strike  of  the  deposit  is  the  same.  The  occurrence  on  the  eastern  side  of 
the  ore  body  of  intergrown  magnetite  and  quartz — partly  replaced  rock, 
romparable  to  the  taconite  of  the  American  geologists — is  interesting.    Granite 
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outcrops  within  a  quarter  of  a  mile  to  tlie  south  of  the  outcrops,  and  its 
intrusion  into  the  sedimentaries  was  most  likely  the  cause  of  the  formation  of 
the  ore  bodies. 

(6)  Iron  Gullt. 

LticalUy. — Iron  Gully,  one  of  the  head  branches  of  Boulder  Creek,  is  six 
miles  west'south-west  of  the  Mount  Morgan  Railway  terminus,  in  very  rough 
country. 

Extent. — There  are  a  number  of  bunches  of  ore  between  the  ridgetop  on 
the  south-west  and  the  bottom  of  the  gully  200  feet  beneath.  On  the  top  of 
the  ridge  only  traces  of  ore  are  to  be  seen,  but  a  chain  down  the  hill  is  an  area 
ten  yards  in  diameter,  covered  with  fragments  of  ore.  Half  a  chain  below  this, 
fragments  are  again  in  evidence,  an  area  extending  down  the  hill  for  several 
^five)  chains,  gradually  widening  from  one-half  to  three  chains  in  width,  but  the 
ore  at  the  same  time  becoming  gradually  very  impure,  parts,  in  fact,  being 
simply  ferruginous  slate.  Without  extensive  trenching  it  would  not  be  possible 
to  determine  the  amount  of  marketable  ore  here,  and  therefore  no  attempt  is 
made  to  calculate  the  quantity. 

Ore. — The  ore  is  bright  and  solid  magnetite,  with  small  cavities  filled  with 
powdery  limonite  and  hcematite.  An  analysis  of  a  sample  from  the  larger 
outcrop  results  (Mount  Morgan)  :■ — 

Water  ...  ...  0-66 

«ilica  ...  ...  8-33 

Alumina  ...  ...  3'04i 

Iron  ...  ...  6265 

Manganese  ...  ....  — 

Lime  ...  ...  220 

Magnesia  ...  ...  — 

Phosphorus  ...  ...  0*167 

Titania  ...  ...  — 

The  phosphorus  is  thus  abnoriiially  high,  and  would  effectually  prevent 
the  exploitation  of  the  deposit  for  the  supply  of  Acid-Bessemer  furnaces.  A 
trace  of  copper  carbonate  is  occasionally  to  be  seen,  but  there  is  not  sufficient 
to  affect  the  stone's  value  as  an  ore  of  iron.  Strong  stains  of  manganese 
dioxide  occur  in  the  northern  part  of  the  deposit. 

No  work  has  been  done  here. 

Geology. — The  outcrop  runs  north  and  south,  the  country  being  altered 
sedimentaries  of  Permo-Carboniferous  age.  Oolitic  limestones  occur  both  east 
and  nortli  of  the  ore  deposit,  one  bed  striking  north-west  across  its  northern 
end.  West  of  the  magnetite  area  is  an  outcrop  of  impure  brownish  limonite, 
with  specks  of  haematite ;  this  appears  to  be  a  partly  replaced  slate. 


VI.— ALMA  CREEK. 

Locality.— "Roth,  the  outcrops  seen  pass  from  20v,  Ulogie,  on  to  ih^  Crown 
land  on  the  north-east.  {See  Plan  7.)  They  lie  15  miles  south-south-east  of  the 
terminus  of  the  Mount  Morgan  Railway.  Portion  20v  it«elf  is  held  under 
grazing  lease,  with  20  years'  tenure  from  1899. 
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The  first  (Oaky  lode),  half  a  mile  from  the  northern  boimdaxy  of 
portion  20y,  is  within  the  watershed  of  Oaky  Creek,  a  tributary  of  Alma 
Creek,  which  is  an  affluent  of  the  Dee  River.  The  second  (Pleasant  lode)  is  in 
the  catchment  area  of  Pleasant  Creek,  another  tributary  of  Alma  Creek,  three- 
quarters  of  a  mile  south-east  of  the  first. 

It  is  most  probable  that  there  are  numerous  other  lodes  in  this  district. 
Specimens  were  shown  me  of  splendid  ore  from  the  country  between  Alma  and 
Centre  Creeks,  about  three  miles  south-east  of  the  above  lodes.  Another  has 
been  seen  by  Captain  Richard,  south  of  Piebald  Mountain.  Further,  the  road 
from  Piebald  to  Alma  passes  about  midway  (i.«.,  about  four  miles  east  of  the 
Dee  River)  between  those  places,  over  a  stretch  of  very  ferruginous  soil,  in 
which  a  few  fragments  of  jasperoid  are  to  be  found.  This  may  be  a  large  soft 
ore  deposit,  similar  to  those  of  Lake  Superior,  and  is  well  worth  prospecting  by 
shallow  pits. 

The  present  outlet  for  this  district  is  up  the  valley  of  the  Dee  to  Mount 
Morgan,  the  terminus  of  a  railway  from  Rockhampton.  There  would  seem  to* 
be  no  engineering  difficulties  in  constructing  a  railway  to  connect  with  that 
terminus. 

It  is  to  be  hoped  that  a  thorough  survey  may  be  made  of  this  district  when 
time  permits. 

Esdent. — 

Oaky  Lode. — ^At  the  western  extremity  (see  Plate  4a)  the  lode  is  six  feet 
wide,  but  towards  the  east  it  quickly  widens  to  12  feet  and  runs  so  for  five 
chains,  when  it  contracts  to  six  feet  again  for  a  chain,  and  then  increases  to  ten 
feet)  and  continues  so  for  four  chains ;  it  then  pinches  to  two  feet,  but  gradually 
increases  again  to  the  botmdary  fence  of  portion  20v,  a  few  chains  further  on. 
Outside  the  fence  the  lode  varies  between  two  and  four  feet  in  thickness  for  ten 
chains,  then  pinches  to  a  foot,  but  again  graduaUy  increases  to  an  average  of 
three  feet  (exceptionally  ten  feet),  and  runs  so  for  three-quarters  of  a  mile. 
The  difference  in  level  between  the  highest  and  lowest  portions  of  the  outcrop 
is  about  300  feet,  and  there  does  not  appear  to  be  a  single  break  in  the  lode. 

Taking  into  consideration  only  the  part  of  the  lode  within  20v,  there  will 
be  (assuming  the  lode  to  continue  without  change  in  depth)  118,000  tons  of 
ore  within  100  feet  of  the  siuface. 

Pleasant  Lode. — ^This  lode  {see  Plate  4:b)  was  traced  for  a  distance  of  a 
little  over  half  a  mile,  over  ridges  100  feet  high,  and  proved  to  have  an  average 
width  of  six  feet  It  suddenly  "  pinches  "  just  outside  portion  20v.  Within 
the  portion  the  outcrop — ^a  mound  of  fragments — ^varies  from  10  to  15  feet 
across,  and  rises  two  to  four  feet  above  the  general  siufaoe.  The  amount  of  ore 
between  the  siuface  and  100  feet  depth  may  be  calculated  with  the  above 
dimensions  (presuming  that  it  persists  in  depth,  and  taking  the  specific 
gravity  as  5),  to  be  a  quarter  of  a  million  tons. 

A  parallel  lode  ten  chains  west  of  the  above  was  followed  for  rather  less 
than  half  a  mile  south  from  the  boundary  fence.  Its  average  width  is  less 
than  two  feet. 

Ore. — ^The  ore  in  all  the  outcrops  consists  of  very  finely  granular 
titaniferous  haematite  and  magnetite,  but  it  is  magnetic  only  in  places,  and 
never  strongly.  Through  most  of  it  there  are  white  laths.  Its  specific  gravity 
is  4.3. 
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The  following  analyses  were  made  at    Mount   Morgan    of   representatiTe 
samples  collected  by  me : — 


— 

1 

Oalrey. 

i*les8Rnt  (Crown 
Land.) 

Pleasant  (20v.) 

PanUel  (Pleuant. 

Waler          

...  !            0.50 

0-46 

0-64 

0  24 

Silica 

10-40 

12-80 

5-55 

14-35 

Alumina      

170 

9-81 

12  52 

12-3S 

Iron 

66-27 

66-42 

5510 

48-30 

Manganese 

..   1             — 

— 

— 

Lime 

..  1            2-85 

308 

2-65 

3-92 

Magnesia      

Notdetd. 

Trace 

— 

Phosphorus 

0026 

0-U4 

Trace 

Trace 

TItania         

...  ,         Present 

f 

^^ 

Present 

"^ 

That  both  the  main  lodes  contain  titania  was  proved,  though  the 
amount  was  not  estimated.  Titania  amounting  to  two  per  cent  is  usually 
looked  upon  as  sufficient  to  condenm  an  ore  owing  to  the  formation  of  an 
infusible  cyano-nitride  in  the  furnace.  At  the  same  time  at  certain  fmnaces 
in  the  United  States  similar  aniounts  have  been  successfully  slagged  off. 

The  silica,  in  all  except  the  Pleasant  ore,  is  also  rather  high  though  not 
excessive,  owing  to  the  presence  of  alumina  and  lime.  The  phosphorus  in  that 
from  the  Pleasant  lode  on  Crown  land  is  far  too  high  for  the  acid  process,  but 
the  others  are  specially  low  in  that  element. 

Workings. — The  only  workings  at  the  present  time  are  two  or  three 
prospecting  potholes  two  to  four  feet  deep,  the  result  of  leasing  160  acres  on 
the  Oaky  lode  in  November,  1902.  The  surface  portions  might  be  worked  by 
open  cut  methods,  but  owing  to  the  comparatively  small  width  of  the  ore 
bodies  underground,  mining  would  have  to  be  undertaken  at  a  slight  depth. 

Geology. — The  lodes  occur  in  gabbro,  which  in  their  vicinity  at  least  is 
slightly  schistose.  Near  the  northern  extremity  of  the  Pleasant  lode  the 
country  is  less  schistose,  but  shows  orientation  of  the  felspar,  and  its  physical 
appearance  is  very  similar  to  that  of  the  ore.  A  section  of  the  rock  proves  it 
to  consist  of  plagioclase  and  augite,  with  interspaces  filled  with  magnetite, 
which  mineral  often  completely  surrounds  crystals  of  augite.  Both  felspar  and 
augite  are  quite  undecomposed,  the  only  sign  of  alteration  being  slight  stains 
round  the  magnetite. 

At  other  places  on  the  eastern  side  of  the  lode  magnetite  is  greatl] 
developed,  apparently  having  replaced  other  minerals  than  quartz  and  felspai 
Near  the  eastern  portion  of  Oaky  lode  hornblende  is  present,  and  the  rocl 
there  would  be  almost  a  diorite  but  for  the  magnetite  filling  the  interspaces. 

The  gabbro  area  is  about  two  miles  in  diameter  (in  a  north  and  soutl 
direction),  passing  into  metamorphic  granite  (altered  sediments?)  on  the  north- 
west, and  bounded  by  slates  on  the  south-west.  The  extent  towards  the  east's 
is  not  known.  There  is  no  reason  to  doubt  that  the  gabbro  is  intrusive  in  the ' 
slates,  though  there  was  no  opportunity  to  search  for  dykes  in  the  latter. 

Several  fine-grained  diorite  dykes  are  to  be  seen  in  the  vicinity  of  the 
Pleasant  lodes,  one  cutting  acrosi«  the  northern  end  and  one  running  between  the 
lodes.  There  is  in  addition  a  cross  vein  consisting  chiefly  of  crystalline  felspar, 
but  containing  in  places  considerable  actinolite,  epidote,  and  ilmenite.  This 
has  every  appearance  of  an  aplite,  and  is  presumably  pneumatolitio  in  origin. 
Several  other  outcrops  of  similar  rock  were  seen  at  various  points  in  the  gabbro 
area.  There  is  therefore  a  possibility  of  the  lodes  also  being  pneumatolitio  in 
'Origin. 
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strongest-t.^    in  Lola  Montes  Pass— they  were  succeesfuUy  negotiated  when 
the  Marble  iBland  quarries  were  worked. 


*  Rep.  on  Geological  Features  of  Mackay  District.     By  R.  L.  Jack,  1887.     Briab.     By  auth.T 

\T.o.l|j.r^,,  No.  39. 
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Extent. — ^It  is  about  16  chains  in  greatest  diameter,  and  witb  the 
exceptions  of  the  eastern  end  and  a  narrow  diorite  dyke  running  north  and 
south  through  the  centre,  the  whole  is  limestone.  The  hei^t  is  about  100 
feet    (See  Plan  9.) 

Geology, — ^The  channel  between  the  two  islands  may  have  been  caused  hj 
trough  faulting,  throwing  Mortar  Island  to  the  east;  but  even  then  the  thin- 
bedded  slates  on  the  east  of  Mortar  Island  are  not  evident  on  Marble  Island. 
Indistinct  corals  and  orinoids  were  observed  in  the  impure  limestones  oocuiring 
with  the  slates  on  the  east,  and  lamellibranchs  (sections),  were  seen  in  the 
limestone  quarried  on  the  south. 

Limestone. — On  the  eastern  side  of  the  island  is  a  bed,  eight  to  tan  jarda 
wide,  of  limestone,  ''  grained  '*  white,  blue,  and  yellow,  a  material  specially 
suitable  for  ornamental  work. 

The  central  bed  of  marble  is  five  chains  across,  and  on  the  north  the  stone- 
is  practically  without  a  trace  of  impurity;  it  weathers  into  sharp  knife  edges,, 
and  most  of  it  is  quite  uncovered  by  soil  or  even  a  lichen  growth.  {See  Plate  5.) 
This  would  seem  to  be  almost  fit  for  statuary  purposes,  though  peiiiapa 
scarcely  saccharoidal  enough.  It  is  fissured  on  the  surface,  but  at  a  shallow 
depth  it  would  be  possible  to  obtain  large  blocks. 

The  western  bed  is  not  quite  as  pure  as  the  central.  The  limestone  on  the 
south  side  of  the  island  has  a  slight  bluish  tiuge,  and  along  cracks  has  been 
stained  by  percolating  waters. 

The  stone  quarried  ran  98  per  cent,  calcium  carbonate  (on  the  authority 
of  Mr.  Campbell,  who  did  the  work).  A  sample  taken  by  me  from  the  whole 
island  ran  (Grovemment  Analyst) : — 

CaCO,        97  5 

M g  CO,       trace 

Si  O,  and  insoluble            ...         188 
Pe.G,  and  Al.O, 074 

10012 

The  marble  thus  far  taken  from  tlie  quarry  has  been  bluish  or  creamy,, 
but  much  of  it,  especially  the  mottled-blue  and  white,  is  well  adapted  for 
ornamental  work,  and  takes  a  fine  polish.  A  few  specimens  secured  in  the 
quarry  have  been  polished,  and  are  now  on  exhibition  in  the  Survey  Museum. 
A  small  quantity  of  crystalline-banded  aragonite  occurs,  filling  fissures  in  the 
quarry,  and  there  should  be  a  sufficient  local  demand  for  this  material  for 
ornamental  work  to  make  it  worth  while  setting  it  aside  in  working. 

Workings. — The  only  work  done  was  on  the  southern  side,  where  there  ia 
a  quarry  from  which  several  hundred  tons  have  been  shipped.     {See  Plate  6.) 

(6)  Marblb  Island. 

Locality. — ^Marble  Island  is  the  most  south-easterly  and  the  largest  of  the 
Duke  Group.     {See  Map  8.) 

Extent. — ^A  number  of  small  outcrops  are  to  be  seen  in  the  western  portion,, 
but  the  main  one  is  on  tlie  extreme  north-western  headland.  It  extends  north 
and  south  for  about  ten  chains,  rising  some  50  feet  abruptly  from  deep  water. 

Limestone. — The  limestone  as  a  whole  is  not  quite  as  pure  as  that  on 
Mortar  Island.  It  varies  from  pink  on  the  north  to  mottled-blue  towards  the 
south,  while  on  the  extreme  south  is  a  rock  resembling  a  conglomerate,  and 
formed  of  boulders  of  marble.  The  last  was  originally  either  an  impure 
limestone,  in  which  segregation  of  the  calcium  carbonate  has  taken  place,  or 
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Mu  wurKiiigH  tire  aL  v^oorovuian.  I'rior  to  January,  1905,  123  tons 
Be  ore  had  been  received  at  the  Mount  Morgan  works,  running 
and  70  per  cent,  manganese  dioxide. 
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II.— GLADSTONE  DISTRICT. 
A— Iron  Ore  Deposits. 

The  iron  ore  deposits  in  the  Gladstone  district  are  scattered  over  an  area 
60  miles  in  diameter.     (See  Locality  Map  11.) 

The  only  deposits  of  any  considerable  size  are  at  Glassford  and  Many 
Peaks,  but  the  outcrops  at  several  other  points,  notably  those  on  the  Boyne 
River,  are  well  worth  testing.  The  places  visited  are  described  below  in  order 
from  north  to  south. 

1.  TARGINIE. 

Locality. — Targinie  head  station  lies  9  miles  west  of  Gladstone,  a  little 
aver  3  miles  north-north-west  of  the  railway  station  of  same  name,  and  2^ 
miles  from  the  shore  of  Port  Curtis.  The  head  of  navigable  water  for  small 
bcat«  on  Boat  Creek  is  4  miles  distant  by  road. 

The  outcrop  of  iron  ore  is  half  a  mile  south-south-east  of  the  head  station, 
and  has  been  included  in  a  lease  of  ten  acres  adjoining  portion  402,  Targinie 
(in  which  tho  station  stands),  on  the  south-eastern  comer.     {See  Plan  12.) 

Extent. — Blocks  of  the  ore  up  to  six  or  seven  feet  in  diameter  cover  an 
area  of  about  50  feet  square,  a  single  block  being  also  found  150  yards  soutli- 
g^'uth-west  of  the  main  outcrop.  The  deposit  appears  to  be  an  isolated  one. 
Its  greatest  thickness  is  ten  feet  on  the  north,  from  which  it  tapers  to  the  south. 
A  landslip  just  east  of  the  deposit  is  thought  by  the  lessee  to  cover  a  further 
extension  to  the  north,  but  it  is  not  likely. 

Ore. — ^The  ore  is  massive  haematite  and  magnetite,  crystalline  in  part45. 
It  sometimes  contains  epidote  and  garnet.  An  assay  of  ore  made  for  the 
lessee  gave  94  per  cent,  of  ferric  oxide,  equivalet  to  65.8  per  cent,  metallic 
iron.  A  sample  collected  by  me  from  the  whole  of  the  outcrop  yields 
(Govemnient  Analyst) : — 

Iron  ...  ...  64*9  per  cent. 

Silica         ...  ...       5'2        „ 

Phosphorus  . . .  nil. 

Sulphur    ...  ...  trace. 

The  amount  of  ore  outcropping  is  less  than  200  tons.  There  is  nothing  to 
indicate  that  there  is  a  large  deposit  here;  it  is  probably  lenticular  in  form, 
and  in  that  case  may  not  contain  more  than  1,000  tons  altogether. 

Geology. — The  country  rock  is  gametiferous  epidote-bearing  slate  (Pernio- 
Carboniferous?),  stained  in  places  with  copper  carboDates  and  manganese  oxides. 
Intrusive  granite  is  found  a  few  himdred  yards  west  and  north  of  the  ore 

deposit. 

This  is  a  contact  deposit  of  the  Christiania  type,  the  metallic  minerals 
having  been  given  oflF  from  the  granite,  and  condensed  in  tJie  slates,  probably 
ou  a  calcareous  band.  The  absence  of  limestones  hereabouts  is  rather  against 
any  probability  of  considerable  bodies  of  ore  being  found.  Two  or  three 
shallow  pot-holes  and  trenches  have  been  opened  beside  the  blocks.  No 
prospecting  for  iron  has  been  done  in  the  district. 


2.  MOUNT  GRIM. 

Locality. — Mount  Grim  is  in  the  centre  of  F&rmeT'B  portion  2t,  Alma,  31 
miltt  we«trgouth-weat  of  Mount  Alma  Station,  and  31  milei  veat  of  Gladstone. 
{See  Map  11.)  It  it  four  mitea  frran  the  dadBtono-Bbnana  road,  along  irhich 
it  18  underatood  the  Callide  imilwa^  is  to  run. 


Extent. — ^The  ground  was  held  some  years  ^o  for  copper-mining,  and 
two  old  ft^en-in  tunneU  are  now  to  be  seen  on  an  outcrop  composed  of  blocks 
of  magnetite  up  to  aii  feet  in  diameter.  There  is  nothing  to  show  the 
thickness  of  the  deposit,  though  it  is  probably  less  than  10  feet.  West  of  the 
iron  ore  is  gametiferous  calcite,  with  thin  lensea  of  magnetite,  said  to  carry 
5  dwts.  rf  gold  per  ton,  patchee  of  quartz  crystals  and  stains  of  copper  carbonat«a. 
{See  Fig.  2.) 

On  the  southern  side  of  the  ridge  on  which  the  above  occurs  are  huge 
Uocks  of  magnetite  (up  to  six  feet  in  diameter)  over  a  width  of  20  feet  for  <t 
distance  of  two  chains.     There  may  be  sereral  distinct  lenses. 

Geology. — The  country  rock  consists  of  highly  altered  tuS  slates,  &c.,  which, 
from  the  nature  of  the  outcrops,  it  is  presumed  stjile  nortii  and  south.  Granite 
occurs  within  quarter  of  a  mile  to  the  south. 

Ten  chains  to  the  west  of  the  iron  ores  is  a  large  outcrop  of  marble,  with 
fragments  of  shells  and  corals  (lithostrotion  t)  preserved  in  silica.  Their  age  ie 
probably  Penno-Carboniferous. 

About  a  mile  west  of  liiis  magnetite  boulders  are  very  plentiful  below 
ih\i  soil  of  an  alluvial  flat  opening  into  Zigzag  Creek,  worked  years  ^;o  for 
gold.     No  lode  has  been  discovered. 

Two  miles  south-east  of  Mount  Alma  Station  are  some  old  copper 
workings  on  garnet  rock  and  limestone.  These  ro<^s  might  prove  of  nine 
for  fluxes. 

The  C^lide  coal  leases  are  about  26  miles  south-west  from  the  above 
deposits,  so  that  this  country  is  worth  prospecting. 
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in  cooling  has  given  off  various  metallic  minerals  (including  oxides  of  iron 
and  copper  sulphides)  which  have  been  precipitated  in  the  slates  in  the  vicinity 
of  limestones.     Garnet  rock  is  the  chief  accompanying  mineral. 

Extent, — ^The  line  of  junction  of  slates  and  granites  runs  through  the  town, 
with  a  general  north  and  south  direction  from  half  a  mile  north  of  it  to  one 
and  a-half  miles  south,  and  on  this  portion  most  of  the  ore  deposits  are  found. 
Outcrops  of  garnet  rock,  usually  associated  with  ore  in  this  district,  are  to  be 
seen  as  far  as  one  and  a-half  miles  north  of  the  town.  The  two  main  outcrops 
are  the  Blue  Bag,  on  the  Reward  Claim,  a  quarter  of  a  mile  west  of  the  town, 
and  Kelly's,  on  No.  5  Lease,  one  and  a-half  miles  south  of  the  town.  The 
former  has  a  length  of  over  a  quarter  of  a  mile,  and  the  latter  about  one-eighth 
of  a  mile. 

Mr.  Rands,  in  the  above  report,  describes  the  workings,  which  were  all 
accessible  at  the  time  of  his  visit.  The  quotations  below  are  from  this 
report: — ''The  nuiin  deposit  can  be  traced  right  through  and  beyond  these 
properties  (the  four  leases  held  by  the  Bompa  Sjmdicate),  and  there  are  in 
addition  other  smaller  ore  bodies  on  which  but  little  work  has  yet  been  done 
to  test  their  value.  The  main  portion  of  the  deposit  is  a  true  lode,  but  in  parts 
the  country  rock  is  also  highly  impregnated  with  copper.  The  country 
consists  of  quartzites,  slates,  and  greywackes,  with  intrusive  masses  ol  granite. 
A  white  crystalline  limestone  often  occurs  alongside  the  lode."  As  my  plan 
shows,  there  are  numerous  detached  deposits,  none  of  which  continue  through  all 
the  properties. 

"  Lease  No.  5. — South  Shaft  .  .  .  is  114  feet  in  depth  .  .  .  entirely 
in  syenitic  granite.  At  the  bottom  a  drive  was  put  in  east  for  35  feet,  which 
for  the  last  ten  feet  passed  through  a  body  of  ore  consisting  of  specular  iron 
ore,  magnetite,  calcite,  and  copper  pyrites." 

*'  Kelly's  Shaft  ...  is  107  feet  in  depth,  .  .  .  straight  down  to  a  depth 
of  94  feet>  when  it  strikes  the  footwall  and  fellows  the  westerly  underlie  .  . 
able  to  get  down  as  far  as  the  70-feet  level,  where  a  westerly  crosscut  has  bee& 
driven  for  a  distance  of  25  feet,  all  in  lode  material.  The  ore  is  -chiefly  of 
magnetite,  with  copper  pyrites  disseminated  through  it  .  .  .  there  are  .  .  . 
patches  of  calcite,  and  gametiferous  rock  .  .  .  also  occurs."  The  outcrops  of 
garnet  rock  and  magnetite  are  ten  feet  wide. 

There  is  a  lai-ge  outcrop  of  garnet  rock  and  magnetite  between  tlie  South 
and  Kelly's  Shafts. 

'^Dowling's  Shaft. — The  depth  .  .  .  was  151  feet,  and  down  to  121  feet 
it  was  entirely  in  the  limestone,  which  here  outcrops  on  western  side  of  the  lode. 
In  the  last  30  feet  the  ore  body  has  an  underlie  of  four  feet,  and  the  bottom  of 
the  shaft  is  entirely  in  ore.  .  .  .  The  ore  conRists  of  magnetite  and  gametic 
ferous  rock,  with  copper  pjrrites  through  it  .  .  ."  Probably  lenticular  patches 
of  magnetite  in  garnet  rock  as  well  as  disseminations. 

"  Northern  Shaft,  ...  1 10  feet  in  depth,  .  .  .  entirely  in  limestone. 
A  crosscut  was  driven  west  for  six  feet  in  hard  garnet  rock,  with  splashes  of 
copper  pyrites  through  it.  .  A.  crosscut  has  also  been  driven  east-south-east  for 
49  feet,  .  .  .  the  first  42  feet  in  limestone,  and  from  that  point  there  was  a 
forDiation  consisting  chiefly  of  limestone  and  calcite  carrying  numerous  garnets. 
.  .  .  Patches  of  magnetite,  and  a  fair  amount  of  copper  pyrites."  Galena 
and  blMide  are  both  present 

Easton's  Shaft  was  begun  on  garnet  and  hsematite-bearing  slates  forming 
a  capping  on  granite. 
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A  couple  of  lenticular  patches  of  luematite  aod  magnetite  near  the  centre 
of  the  northern  boundary  of  M.  L.  6,  about  three  feet  wide  and  ten  yards  long. 

''  Kelly's  Tunnel,  on  Kelly's  Claim,  north-west  alongside  lode,  and  then  west 
across  it  for  12  feet.  .  .  .  Intrusion  of  granite  at  mouth  of  tunnel.  First  six 
feet  of  ore  is  magnetite  with  copper  pyrites,  the  remainder  garnet  rock."  The 
southern  tunnel  is  ten  chains  from  the  northern.  Opened  in  decomposed 
granite  just  under  limestone.  Ore  contains  much  magnetite,  and  occurs  under 
and  in  the  limestone.  There  is  some  fine  mi^netite  and  haematite  on  the 
surface  just  south  of  this. 

'*  Reward  Claim. — ^The  Blue  Bag  tunnel,  27  feet  in  length,  has  been  driven 
into  the  lode  in  a  nortli-weHt  direction,  all  in  lode.  .  .  .  Tlie  gangue  carries 
a  good  deal  of  magnetite.**  In  the  creek  are  up  to  20  feet  of  garnet  rock,  with 
patches  of  haematite  and  magnetite  and  stains  of  carbonates  of  copper  on  the 
surface,  giving  way  to  copper  pyrites  in  a  few  inches. 

The  Blue  Bag  Shaft  is  100  feet  deep,  with  a  steep  underlie  to  west  for 
50  feet,  and  then  vertical.  In  a  rich  bunch  of  ore  lying  on  decomposed 
porphyritic  jrij'uito  and  adjacent  to  the  Blue  Bag  garnet  rock.  A  few  cliains 
to  the  north  is  another  hhaft,  30  feet  deep,  with  a  drive  for  30  yards  to  the 
south-west  at  the  boltoiii,  pa.ssiiig  through  cupriferous  garnet  rock.  In  the  face 
is  massive  haematite. 

"  The  (Blue  Bag)  lode  in  Glassford  Creek  consists  on  its  east  side  of 
quartzite  and  garnet  rock,  with  copper  pyrites.  Next  to  this  there  is  five  feet 
in  width  of  magnetite,  in  which  are  large  cavities  filled  with  calcite.  The 
magnetite  contains  copper  pyrites  throughout  it.  Then  there  is  four  feet  of 
ji^arnet  rock  with  copper  carbonates.  The  lode  is  certainly  25  feet  wide."  Ten 
feet  width  of  ore  rises  15  feet  above  the  ground  on  the  side  of  the  creek,  and 
consists  in  great  part  of  magnetite,  chiefly  as  bunches,  with  copper  pyrites  in 
garnet  rock. 

*'  Big  Blow. — At  northern  boundary  of  the  Reward  Claim  is  the  North 
Tunnel,  driven  about  100  feet  in  a  westerly  direction,  through  quarzites  and 
hard  garnet  rock.  At  the  face  is  hard  garnet  rock,  with  copper  pyrites  and 
large  patches  of  magnetite." 

The  tunnel  is  driven  under  a  very  large  copper-stained  garnet  blow.  The 
garnet  rock  here  does  not  look  promising  either  for  iron  or  copper. 

Am^mnt. — Taking  the  amoimt  of  magnetite  in  the  Glassford  ore  as 
one-fifth  of  the  whole,  the  total  amount  of  ore  within  200  feet  of  the  surface  on 
the  leases  now  held   will  not  exceed  half  a  million  tons. 

Future. — The  only  possibility  of  the  iron  ore  being  worked  is  in 
connection  with  the  copp)er  and  gold.  Magnetic  concentration  would  leave 
the  copper  and  gold  ore  in  an  ideal  condition  for  smelting,  the  magnetite  in 
a  pure  state  being  obtained  as  a  by-product. 

It  is  proposed  to  construct  a  railway  line  either  to  Miriam  Yale,  vi&  Many 
Peaks  and  Mount  Jacob,  a  distance  of  33 J  miles;  or  to  Gladstone,  following 
the  mail  road  down  the  Bovne  River,  a  distance  of  80  miles. 

8.  CANIA. 

{Set  Map  11.) 

Township. 

Locality. — Cania  is  58  miles  south-south-west  of  Gladstone,  and  the  same 
distance  north-west  of  Mount  Perry.  Miriam  Vale,  the  nearest  railway  station, 
is  45  miles  distant. 
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Extent. — Half  a  mile  east  of  and  above  the  township  is  a  small  deposit, 
about  a  chain  in  diameter,  of  cellular,  rather  siliceous,  limonite.  The  iron  ore 
probably  replaces  Permo-Carboniferous  limestone,  an  outcrop  of  which  occurs 
on  the  west,  and  it  may  pass  into  carbonate  at  a  depth.  This  body  alone  is 
of  no  value,  but  it  points  to  the  possibility  of  there  being  others  in  the  locality. 

Spring  Creek. 

LoeaJity. — The  old  Spring  Creek  Gold  Diggings  are  ten  miles  north-east  of 
Cimia. 

Ejctent. — There  are  several  small  outcrops  of  iron  ore  in  this  locality,  the 
largest  crossing  the  Cania-Monal  road,  about  quarter  of  a  mile  west  of  the 
^\o^ki^gs.  This  is  about  two  feet  wide,  and  in  places  consists  of  pure 
ha-inatite  with  garnet  rock,  but  as  a  whole  would  not  be  pure  enough  even  if 
large  enough  to  be  worked.  The  country  rock  here  is  Devonian  (?)  slate  and 
tuff,  dipping  70  degrees  to  south-west. 

There  is  at  present  no  practicable  outlet  for  ore  from  here,  the  Burnett 
Rnuge  being  to  the  west — i.e.,  towards  the  Callide  Coal  Field — ^and  Dawes' 
lUnge  to  the  east,  towards  Mount  Perry.  To  within  26  miles  of  Mount  Perry 
there  is  a  gentle  down-grade,  but  the  country  then  becomes  broken. 

9.  CABBAGE-TREE. 

Locality. — Cabbage-tree  lies  54  miles  south  of  Gladstone,  on  the  southern 
flanks  of  Dawes'  Range.  It  is  40  miles  north-north-west  of  Mount  Perry. 
{See  Map  11.)  A  few  years  ago  several  leases  were  taken  up  for  copper-mining, 
but  now  the  place  is  practically  deserted. 

Outcrops. — Impure  haematite  and  limonite  blows  occur  on  Monument  Hill, 
uear  some  old  trenches,  and  there  are  numerous  iron-stained  outcrops. 

Blocks  of  haematite  can  be  seen  in  the  creek  on  the  western  side  of  Apple- 
tree  Lease. 

The  largest  haematite  outcrop  seen  here  is  on  the  head  branch  of  a  small 
creek  about  half  a  mile  south  of  the  hotel.  It  strikes  north-west,  its  greatest 
width  is  ten  feet,  and  it  runs  for  about  a  chain.  The  ore  consists  of  haematite 
aud  limonite,  and  is  nearly  free  from  quartz. 


1.  CALLIOPE  RIVER. 

(a)  Calliope  Crossing. 

In  the  bed  of  the  Calliope  River,  between  portion  1,  West  Stowe,  and 
portion  66,  East  Stowe,  a  quarter  of  a  mile  below  the  crossing  on  the  Gladstone- 
Kockhampton  road,  are  several  exposures  of  limestone,  all  within  a  radius  of 
ten  chains.     (See  Map  20.) 

The  main,  most  northern,  outcrop  is  about  50  feet  wide,  25  feet  high 
and  five  chains  long.  It  consists  mostly  of  very  pure  light-grey  marble,  but 
much  of  it  ifc  beautifully  coloured.  It  contains,  as  a  whole,  one  per  cent,  of 
visible  impurity  (veinlets  and  coatings  of  iron  oxides  and  clay).  The  limestone 
continues  to  the  north,  but  is  covered  by  the  alluvial  soil  on  the  bank  of  the 
river.  A  nine-feet  dyke  of  porphyrite  ( ?)  runs  through  the  limestone,  the  three 
feet  in  centre  being  coarsely  porphyritic,  while  the  out«ides  are  very  fine- 
grained. 
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A  few  chains  south  of  the  above  are  several  other  outcrops,  up  to  four 
chains  in  length.  That  near  the  centre  of  the  river  is  20  feet  wide,  and  oonsisfas 
of  a  reddish  limestone,  traversed  by  very  ferruginous  veins,  which  should  be  of 
great  value  for  building  and  monumental  purposes. 

Within  half  a  chain  of  this,  on  the  west,  is  another  outcrop  20  feet  wide,, 
and  the  Marble  Island  in  the  river,  six  chains  to  the  south,  may  be  a  continua- 
tion of  this  bed.  The  greater  part  is  pure  bluish  stone,  with  cross-veins  of  white- 
calcite,  the  couple  of  feet  on  each  side  being  very  ferruginous.  The  rock  has 
the  structure  of  a  conglomerate  but  consists  entirely  of  limestone.  It  tapers 
out  to  the  north. 

West  of  this,  near  the  bank  of  the  river,  is  a  north  and  south  zone, 
containing  overlapping   interbedded  lenticular  masses  of  limestone.       This^ 
would  probably  be  of  use  for  a  building-stone,  but  is  too  impure  for  lime- 
making.     The  limestone  has  the  appearance  both  of  replacing  the  slates  (on 
the  sides)    and  of  having  segregated  from  them,  in  which  case  the  clayey 
impurities  remaining  have  encrusted  the  lumps  of  limestone.    The  rock  looks- 
like  a  re-cemented  breccia  or  a  conglomerate.    In  large  masses  the  limestone  is- 
very  pure,  containing  only  a  few  fragments  of  reddish  slate,  amounting  to- 
perhaps  one  per  cent,  of  the  whole.     That  the  limestone  is  in  part  original  is 
proved  by  the  indistinct  crinoids,  corals  (cyathophylloidsf),  seen  in  parts  of  it. 
West  of  the  limestone  is  a  thick  bed  of  limestone  and  slate  conglomerate,  the 
fragments  being  held  together  by  a  greyish  cement. 

The  quality  of  the  limestone  in  this  locality  is  not  as  good  as  could  bo 
wished,  the  amount  of  iron  present  preventing  its  use  in  sugar  refineries. 
The  whole  of  the  rock  is  perfectly  suitable  for  building-stone,  and  most  of  it  is 
pure  enough  for  ordinary  lime-making. 

There  appears  to  be  a  bar  of  rocks  across  the  river,  a  quarter  of  a  mile 
below  the  limestones,  but  it  is  affirmed  locally  that  small  boats  can  reach  the 
stone  at  high  tide.  A  considerable  quantity  was,  in  fact,  shipped  from  here  to 
Bundaberg  some  twenty  years  ago.    The  Calliope  landing  is  only  a  mile  below. 


(b)  Portions  77  and  78,  Auckland  (Wanmhr's). 

The  deposits  lie  at  the  eastern  ends  of  the  portions,  one  mile  from  the 
Calliope  River  and  eight  miles  south-west  of  Gladstone.    (See  Map  20.) 

A  small  quarry  has  been  opened  on  the  deposit,  which  can  be  traced  for 
several  chains  in  a  northerly  direction,  with  a  width  of  about  two  chains.  The 
rock  on  the  surface  is  much  fractured,  and  the  interspaces  have  been  filled  with 
red  clay,  staining  the  limestone  and  rendering  it  unfit  for  sugar  refining.  In 
the  quarry  the  north-eastern  part  is  rather  impure,  and  when  not  actually 
impure  internally  it  is  much  cracked,  and  the  cracks  are  stained  with 
ferruginous  clay.     The  south-eastern  portion  is  veiy  pure. 

Indistinct  corals  and  crinoids  are  to  be  seen  at  times,  proving  that  the 
limestone  has  been  organically  formed. 

The  position  is  a  good  one  for  exploitation,  the  road  to  the  Calliope  River 
having  a  gentle  downward  slope  all  the  way.  At  the  landing  small  20-ton 
schooners  are  loaded,  and  if  necessary  the  stone  is  transhipped  at  Gladstone. 

Five  hundred  tons  of  limestone  have  been  shipped  from  here  to  Bundaberg 
for  the  sugar  refineries. 
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2.  CALLIOPE— MARBLESTONE—BOYNE. 

From  the  lO-chain  road  two  miles  north  of  Calliope  to  the  Eastern  Boyne 
(15  Qiiles)  is  a  north-north-west  belt  of  country  one  to  two  miles  wide,  in  which 
very  numerous  outcrops  of  limestone  are  found.  In  the  vicinity  of  the 
township  of  Calliope  the  outcrops  are  few  and  far'  between,  but  toward 
the  head  waters  of  Leixlip  Creek  they  are  more  plentiful ;  the  greatest 
development  in  the  district  is  on  the  southern  side  of  the  Boyne  Range, 
l»eiween  Raggote  Creek  and  the  Boyne  River,  and  owing  to  the  size, 
[jemstence,  and  number  of  the  beds,  the  locality  has  received  the  name  of 
Marblestone.  Beyond  Marblestone,  to  the  south,  isolated  outcrops  occur  at 
intervals  almost  to  the  head  of  the  Boyne  River.  {See  Locality  Maps  11  and 
19.) 

{a)  Calliope. 

(i.;  On  Marck's,  portions  338  and  176,  East  Stowe,  ten  miles  south  of 
Gladstone,  are  three  belts  of  non-fossil  if  erous  limestone,  one  quarter  of  a  mila 
in  length  and  half  a  chain  wide,  striking  about  west-north-west.  The  limestone 
is  very  pure,  and  in  fact  the  best  seen  in  the  district.  Cartage  to  the  landing 
ori  the  Calliope  River,  a  little  over  four  miles  distant,  should  not  cost  more 
than  4s.  per  ton.  The  distance  from  the  outcrops  to  Annandale  Station,  on  the 
Maryborough-Gladstone  Railway,  is  seven  miles  by  way  of  the  10-chain  road,. 
which  presents  no  difficulties  to  teams-     {See  Map  24.) 

(ii.)  On  the  head  of  Bedford  Creek,  2^  miles  south-east  of  Calliope,  are 
several  outcrops  of  limestone. 

(iii.)  The  first  outcrop  on  L^ixlip  Creek  is  on  the  western  side  of  the 
Marblestone  road,  two  miles  south-south-east  of  Calliope.  Then  numerous 
other  outcrops  occur  on  the  heads  of  Ten-men  Gully  and  Brennan's  Flat. 

(b)   MARBLBdTONB. 

From  Hickman's,  portion  20,  on  the  north,  to  portion  348,  there  is 
linsestone  practically  all  the  way.  The  outcrops  strike  about  north-north- 
west :  as  a  rule  they  do  not  exceed  a  quarter  of  a  mile  in  length,  and  owing  to 
the  development  of  separate  lenses  side  by  side  the  width  is  often  as  great  as 
the  length.     {See  Map  16.) 

The  greatest  development  is  on  portion  2v,  Riverstone,  beside  the  Calliope- 
Milton  road,  near  the  jimotion  with  a  surveyed  road,  vid  Riverstone,  to 
Annandale  Railway  Station  (which  is  ten  miles  distant). 

On  portion  2v,  the  beds  strike  north  10  degrees  west,  and  dip  70  degrees 

to  east. 

There  is  one  large  outcrop  on  the  north  and  one  on  the  south  of  the 
portion,  but  these  are  in  all  probability  connected. 

The  limestones  are,  as  a  nile,  pale  blue  or  neutral  tinted,  mostly  very 
])ure,  and  therefore  well  adapted  for  lime-making.  On  portion  2y,  the  beds 
are  highly  fossilifei'ous,  containing  stromatopora  (most  abundant,  forming 
whole  beds  up  to  10  feet  thick,  in  which  the  separate  coral  masses  are  often 
18  inches  or  more  across),  coenites,  favosites,  lithostrotion,  cyathophylloids, 
cystiphyllum,  &c.,  with  a  few  shells.  One  belt  in  the  limestone  has  the  fossils 
replaced  and  preserved  by  silica. 

There  is  also  a  belt  of  breccia,  consisting  of  angular  fragm^ita  of  limestone 
in  a  red  ferruginous  cement.  The  bed  is  only  a  few  feet  in  width,  but  outcrops 
for  several  chains.  The  rock  takes  a  fine  polish,  and  will  hdd  ite  own  with  any 
of  the  imported  breccia  marbles. 
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(e)   BOTKS   RlTIR. 

Other  eztensiye  beds  of  limestone  occur  on  portions  20v,  25y,  Iv,  442,  341, 
342,  4v,  and  348,  Riverstone — ^in  fact^  all  along  the  Marblestone  road.  {See 
Map  16.)  Very  little  of  the  stone  is  at  all  impure,  most  oi  it  being  light-blue  in 
colour  and  granular  in  texture. 

South  of  the  Bojne,  the  first  outcrops  are  on  portion  22y,  Pemberton, 
within  quarter  of  a  mile  of  the  riyer. 

There  are  other  outcrops  on  Cave  Creek,  in  portion  6v,  Pemberton,  about 
half  a  mile  from  the  river. 

In  portion  7v,  Pemberton,  there  &re  several  outcrops  of  impure  shell 
limestone,  which  would  probably  give  good  results  as  a  hydraulic  lime. 

In  portion  9v,  Pemberton,  there  are  several  outcrops,  one  of  which,  on 
the  road,  is  pure  white,  and  saccharoidal  in  texture.  The  outcrop  here  is  several 
•chains  in  loogth.  The  limestone  has  been  altered  by  the  intrusion  of  the  M&nj 
Peaks  granite  mass,  which  lies  only  lialf  a  mile  to  the  east  This  is  quite  sufficient 
indication  to  warrant  extensive  prospecting,  but  the  demand  gives  no  encourage- 
ment. The  total  Italian  exports  in  1902,  a  little  over  327,000  tons,  was  valued 
at  only  328.  a  ton. 

A  probable  continuation  of  the  Marblestone  belt  is  seen  between 
Littlemere  and  Glasaford  Greek,  at  the  head  of  the  Boyne. 

A  10-foot  bed  of  pure  white  limestone  lies  two  miles  north  of  the  Many 
Peaks  Mine.     It  strikes  north  and  south,  and  contains  a  few  indistinct  fossils. 

A  large  outorop  lies  about  half  a  mile  south  of  portion  lOv,  Milton.  The 
bed  is  probably  two  chains  in  width,  and  can 'be  followed  for  over  a  mile.  The 
limestone  is  somewhat  altered,  but  contains  recognisable  favosites,  heliolites, 
coenites,  crinoids,  bivalves,  branching  stenopora^  and  forams  (?). 

3.  CATFISH. 

A  number  of  limstone  outerops  occur  on  the  Gladstone-Banana  road,  from 
tlie  Catfish  Hotel  (wluch  is  21  miles  south-west  of  Gladstone)  to  the  Wycheproof 
turn-off,  three  miles  to  the  north-eaat.  (See  Map  17.)  The  beds  have  a  general 
strike  a  little  west  of  north,  and  the  zone  may  possibly  be  a  western  extension 
of  that  at  Calliope.  The  beds  are  up  to  one  and  a-half  chains  in  width  and 
half  a  mile  in  length,  and  the  greater  part  is  rather  impure,  though  the  stone 
in  some  of  the  beds  (blue  and  grey)  is  sufficiently  pure  for  lime-making.  Some 
of  the  other  beds  are  beautifully  coloured.  Fossil  stromatopora,  favosites,  dec, 
are  not  very  well  preserved,  though  plentiful.    Age — Devonian. 

Other  outerops  occur  on  the  Calliope  River,  in  portion  Iv,  West  Stewe, 
about  20  chains  above  Ferguson's  Grossing.  The  stone  is  a  beautiful  white 
marble,  and  would  probably  be  of  use  for  omamentel  purposes. 

Several  outcrops  of  marble  occur  on  Mount  Grim,  on  portion  2v,  Alma, 
31  miles  west  of  Gladstone.  The  limestones  have  been  highly  altered,  but  still 
contain  traces  of  corals  and  shells,  pointing  to  their  age  being  Permo^ 
Carboniferous. 

4.  DIGLUM. 

On  Diglum  and  Booreeco  Creeks,  30  miles  south  by  west  of  Gladstone, 
are  several  north  and  south  belts  of  limestone  at  intervals  of  half  a  mile,  over 
an  area  four  miles  in  diameter.  Some  of  the  limestones  can  be  traced  for  over 
a  mile.     {See  Map  18.) 

Some  of  the  limestone  is  very  saccharoidal,  but  even  then  contains 
dendroid  syringopora,  beautifully  preserved  in  silica. 
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Some  of  the  rocks  here  have  been  highly  altered  by  the  mtrusion  of  a 
basic  granite,  which  seems  to  extend  to  the  head  of  Diglum  Creek  on  the  south. 
Wollastonite  and  garnet  are  found  at  seveoral  places'  near  the  junction. 

The  remoteness  of  the  locality  will  prevent  anything  being  done  with  these 
deposits  for  many  years  to  come.  They  are  here  simply  recorded,  though 
already  mentioned  iu  a  report  of  Mr.  Dunstan's.* 

5.  KROOMBIT. 

{See  Map  11.) 

Immense  beds  of  fossiliferous  limestone  occur  on  Eroombit  Creek,  five 
miles  above  Eroombit  Head  Station.  Exposure  up  to  a  quarter  of  a  mile  wide 
occur,  and  some  of  the  cliffs  on  the  creek  are  50  feet  in  height.  They  are 
essentially  coral  beds,  the  lime  being  very  pure. 

The  fossils  include  heliolites,  stromatopora,  and  coenites,  with  occasional 
shells  and  crinoids.  The  beds  are  believed  to  be  of  Devonian  age,  and  within  a 
raile  to  the  west  are  tuff  shales  a^d  sandstones  overlying  them  unconformably, 
and  containing  zaphrentis,  &c.,  and  believed  to  be  Permo-Carboniferous. 

Other  limestones  occur  at  the  Five-mile  Copper  Mines,  five  miles  south-east 
of  Eroombit,  but  have  there  been  highly  altered,  and  could  only  be  of  use  for 
smelting. 

6.  GLASSFORD. 

{See  Maps  11  and  15.) 

Several  outcrops  of  limestone  occur  in  the  vicinity  of  Glassford  Creek 
township,  both  north  and  south.  It  is  in  and  near  these  limestones  that  the 
Olassford  copper  and  iron  ore  occurs,  and  the  limestones  have  been  highly 
altered  by  the  intrusion  of  granite.  The  limestones  containing  garnet  rock 
are  eminently  adapted  for  smelting,  but  most  of  it  is  probably  too  siliceous  for 
lime-making. 

At  Sandberger,  some  four  miles  south  of  Glassford,  and  at  Mount  Hector, 
sooie  six  miles  north-west,  similar  highly  altered  limestones  are  found. 

7.  CANIA, 

Oolitic  limeetones  occur  on  both  sides  of  Dawes'  Range,  on  the  Eroombit- 
Cania  road,  as  well  as  at  several  places  in  the  vicinity  of  Cania  township,  on 
both  Four-mile  and  Three-Moon  Creeks.  The  stone  is  liglit>blue  in  colour,  and 
of  a  very  good  quality.  Permo-Carboniferous  fossils,  martinia  ( 1),  pteronites  ( ?), 
spirifera,  and  zaphrentis  are  occasionally  found  in  them. 

One  outcrop,  three  miles  west  of  Cania,  is  50  feet  thick  and  several  chains 
in  length. 

Other  beds  are  found  on  Spring  C^-eek,  live  miles  north-east  of  Cania,  in  very 
inaccessible  country. 

8.  CANINDAH. 

{See  Map  11.) 

Three  large  beds  of  limestones  are  crossed  by  the  Canindah-Cania  mail 
track  in  portion  7v,  North  Canindah,  between  Ealonga  and  Splinter  Creeks. 
The  stone  on  Ealonga  Creek  is  pure,  but  most  of  that  between  Branch  and 
Splinter  Creeks  is  very  impure,  and  suitable  for  nothing  with  the  possible 
exception  of  hydraulic  lime-making,  and  the  inaccessibility  of  the  locality  will 
prevent  its  being  worked  for  that  purpose. 

*  G.S.Q.  Publication,  No.  162. 
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C— IWani^anese  Ore  Deposits. 

1.  AREA,  TOPOGRAPHY,  AND  TRANSPORT. 

The  area  within  which  manganese  ore  has  been  found  in  the  Gladstone 
district  is  roughly  15  miles  in  greatest  length  and  12  miles  in  greatest  width — 
viz.,  from  Tai-ginie  on  the  north-west,  to  Calliope  on  the  south,  and  Quoin 
Island  on  the  east     (^S'^^  Locality  Map  19.) 

Between  Gladstone,  on  the  shores  of  Port  Curtis,  and  Dawes*  Range,  45 
miles  to  the  west-south-west,  there  are  reallv  no  mountains,  and  most  of  the 
country  within  the  manganese  area  is  less  than  100  feet  above  sea-level,  the 
highest  hills  beiiij^  not  much  over  500  feet  in  altitude.  The  rocks  near  the 
manganese  deposits  being  generally  indurated  in  cliaracter,  have  proved  very 
resistent  to  atmospheric  denudation,  and  consequently  occur  on  the  higher 
ridges  and  hills,  such  as  One-tree  Hill,  Bioudello,  Mount  Beecher,  and  Mount 
Miller.  The  soil  over  the  greater  part  of  the  area  is  poor,  the  ridges  bein^ 
stony,  the  flats  sandy.     The  ironbark  on  the  ridges  is  the  chief  timber. 

Tlie  influence  of  the  strike  of  the  strata  is  seen  in  the  general  northerly 
course  of  the  Calliope  River,  of  its  tributary  Saltwater  Creek,  and  of  Policeman 
or  Auckland  Creek,  in  the  northerly  pointing  headlands  about  Gladstone,  and 
in  the  northerly  trend  of  most  of  the  islands  in  Port  Curtis. 

Port  Curtis  has  an  average  widtli  of  four  miles,  and  from  the  mouth  of 
the  Calliope  River  to  Gatcombe  Head  is  ten  miles,  offering  anchorage  for  a 
fleet,  even  though  a  large  part  is  shoal. 

Auckland  Creek,  beside  which  Gladstone  lies,  is  really  an  inlet  into  the 
upper  part  of  which  Policeman  Creek  empties.  It  is  navigable  owing  to 
dredging  for  a  few  hundred  yards  from  the  end  of  Auckland  Point — i.e.,  to  the 
wharves  in  the  town,  where  boats  of  1,000  tons  burden  can  berth. 

Tlie  Calliope  is  navigable  for  12  miles  above  its  mouth — i.e.,  up  to  the 
bar  at  tiie  entrance  of  Saltwater  Creek — ^for  ho&ta  of  300  tons,  and  beyond  the 
bar  up  to  the  Mount  Miller  landing  for  l>oats  of  100  tons,  while  50-ton  boats 
have  been  up  to  the  marble  bar  at  the  Carrara  Crossing.  The  present  outlet  for 
manganese  ore  is  by  the  Calliope  River,  20  to  50-ton  schoonem  taking  it  up  the 
Narrows  to  Rockhampton. 

The  Gladstone-Rockhampton  Railway  has  now  been  opened,  so  that  it  is 
possible  to  rail  to  Rockhampton,  Gladstone,  or  Brisbane. 

2.  GEOLOCiY. 
Of  the  Country  ga  a   Whole. 

The  manganese  area  consists,  as  a  whole,  of  massive  slates,  quartzites, 
jasperoids,  and  sandy  clay  schists,  variously  intersected  by  dykes  of  trachyte, 
syenite,  and  diorite.  The  only  other  formations  are  the  river  and  estuarine 
alluvials.  Not  a  single  fossil  has  been  found  within  the  area,  but  a  little 
further  west  (at  the  Calliope  Crossing)  and  south  (at  Marblestone),  are  lime- 
stones whose  fossils  prove  the  beds  to  be  of  Devonian  age.  The  beds  were  shown 
as  Gympie  (Permo-Carboniferous)  on  the  last  large  State  geological  map,  but 
have  been  altered  to  Devonian  on  the  later  small  map.  The  general  strike  of 
the  strata  is  between  north-north-west  and  north ;  the  dip  generally,  where 
discernible,  is  to  the  east,  and  varies  from  60  to  ahnost  90  degrees. 

Of  the  dyke  rocks  sanidine  trachyte  is  found  on  Picnic  Island,  and  on  the 
Calliope  road,  just  west  of  Gladstone.*     Diorite  and    syenite    outcrops  are 

♦  Ren.  on  «lolHtieW«  ?n  Port  Ciirtin  Di»tr.,  &c.     By  William  H.  R.     G.S.Q.P..  No.  21. 
Briab. :  By  Authority,  188.5. 
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from  the  amount  of  work  done  and  the  ore  raised  hitherto.  It  will  be  seen 
that  only  one,  the  Mount  Miller,  is  now  actually  producing  ore,  though  the 
Auckland  Hill  Mine  should  not  be  lying  idle. 


tno  ayKe  rocKs  saiiiume  iraviivie  is  luunu  uu  i.  luuii;  xmauu,  ouu  \/ii  mcr 
e  road,  just  west  of  Gladstone.*     Diorite  .and    syenite    outcrops  are 

Bn.  on  «^n1HfieW«  ?n  Port  Ciirtiii  Didtr.,  kc.     By  William  H.  K.     a.S.Q.P.,  No.  21. 
By  Authority,  188.5. 


iiuinerous  between  Annandale  on  the  south  and  Targinie  on  tlie  noiih,  but 
most  abundant  between  Skyring's  Siding  and  the  Gladstone  reservoir.  These 
dykes  and  the  manganese  deposits  are  in  no  way  connected,  there  being  no 
manganese  where  the  dykes  are  most  abundant,  and  as  a  rule  no  dykes  in  the 
vicinity  of  the  ore  deposits.  Auckland  Hill  is  an  exception  in  that  dykes  occur 
at  the  base  of  the  hiU,  though  not  adjacent  to  the  deposits. 

The  typical  surface  country  for  manganese  is  hard,  flinty,  red  or  brown, 
-sometimes  quartz-veined  jasperoid — clay  slate,  indurated  and  coloured  owing  to 
]>artial  or  complete  replacement  by  silica  and  oxides  of  iron.  These  indurated 
rocks  pass  at  from  20  to  50  feet  depth  into  soft  brown  or  yellow  clay  slate  (or 
schist)  or  bluish  quartzite. 

Micro-sections  show  the  jasperoid  in  the  last  stages  to  consist  chiefly  of 
minute  prickly  spheres  of  hsBmatite  in  a  base  of  secondary  silica.  Secondary 
silica  also  occurs  in  veins.  Other  specimens  show  slate  partly  replaced  where 
much  fractured.  Search  for  radiolaria  has  been  quite  unsuccessful,  everything 
pointing  to  the  jasperoid  being  of  secondary  origin. 

Of  the  Ore  Deposits. 

The  deposits  are  lenticular,  lying,  with  very  few  exceptions,  with  their 
longer  axes  parallel  to  the  bedding  of  the  slates.  As  a  rule  the  outcrop  is 
small,  and  the  work  thus  far  points  to  the  depth  of  the  lenses  being  no  greater 
than  their  greatest  length.  There  will  probably  be  a  number  of  overlapping 
lenses,  extending  to  some  depth,  and  only  prospecting  can  determine  whether 
these  occur  near  enough  to  one  another  to  be  profitably  worked.  A  fact  noticed 
by  prospectors  is  that  the  deposits  in  this  district  always  pitch  to  the  north, 
indicating  a  connection  with  cross  fissures,  which  at  Mount  Miller  separate  rich 
:and  poor  ore. 

There  cannot  be  the  slightest  doubt  as  to  the  secondary  nature  of  most 
of  the  ore.  That  partly  filling  cavities  in  the  Mount  Miller  deposit  has  a 
8talactitic  and  concentric  structure,  and  in  all  the  deposits  specimens  of  slate 
4ind  jasperoid  can  be  obtained  showing  veins  of  manganese  ore.  Some  of  the 
ore  has  the  structure  of  slate,  which  it  appears  to  have  metasomatically 
replaced,  and  specimens  of  slate  partly  changed  into  manganese  ore  are,  in 
fact,  not  uncommon.  It  seems  most  likely  that  the  manganese  existed 
originally  both  as  disseminations  and  small  beds  in  the  slates,  which  in  all 
probability  are  deep-sea  deposits;  and  further,  that  after  the  tilting  of  the 
^ates  the  disseminated  manganese  ore  was  concentrated  about  the  original 
beds,  or  possibly  on  lines  of  fracture,  by  carbonic  acid  solutions. 

The  ore  deposits  may  be  considered  to  form  belts  running  about  north  and 
«outh  with  a  tendency  towards  north-north-west — i.e.,  parallel  to  the  strike  of 
the  country.  Gladstone  is  on  one  of  these  belts,  extending  northwards  through 
the  islands  in  Port  Curtis,  and  southwards  (through  Round  Mountain  or 
One-tree  Hill)  to  Biondello.  The  second  belt  crosses  the  Calliope  River,  six 
miles  west  of  Gladstone,  and  extends  from  the  railway  line  through  Mount 
Miller  and  Mount  Beecher  south   almost  to  Calliope. 

3.   MINES. 

The  mines  wHl  be  described  in  the  order  of  their  importance,  judging 
from  the  amount  of  work  done  and  the  ore  raised  hitherto.  It  will  be  seen 
that  only  one,  the  Mount  Miller,  is  now  actually  producing  ore,  though  the 
Auckland  Hill  Mine  should  not  be  lying  idle. 
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I.— MOUNT  MILIjER. 

Locality, — Mount  Miller  is  a  hill  in  the  centre  of  freehold  portion  185, 
Calliope.  (See  Map  20.)  The  workings  are  near  the  summit,  at  an  elevation 
of  400  feet  above  the  Calliope  River,  from  whioh  the  mine  is  one  and  a 
quarter  miles  distant  by  road.  (See  Fig.  3.)  The  position  is  an  ideal  one  for 
exploitation  by  means  of  adits,  and  ^e  short  distances  to  water  and  rail 
greatly  enhance  the  value  of  the  property. 

Fig.  3. 


History, — The  deposit  was  discovered  eight  years  ago,  and  has  since  been 
held  by  three  separate  parties.  It  has  been  worked  for  the  last  three  years  by 
the  Mount  Miller  Mining  Company,  who  employ,  besides  the  mine  manager, 
three  men  mining,  three  men  breaking  ore,  and  two  men  picking  and  bagging. 
One  cart  is  sufficient  to  supply  the  20-ton  cutter  which  carries  the  ore  to 
Rockhampton. 

Workings, — The  two  original  outcrops  were  60  yards  apart,  and  as  attested 
by  the  open  cuts  on  their  sites,  were  small.  The  southern  and  larger  (No.  1)  is 
only  25  feet  in  length,  six  to  12  feet  wide,  and  15  feet  deep.  (See  Plate  10.) 
Reports  dijffer  as  .to  the  nature  of  the  outcrop,  but  as  it  has  been  practically 
all  quarried  out  it  was  probably  payable  ore.  The  main  shaft  has  been  sunk 
in  this  to  a  depth  of  112  feet,  and  a  ventilating  shaft  (No.  1  air  shaft)  in  the 
northern  open  cut,  has  been  connected  with  it  at  that  level  and  also  at  the 
50-feet  level.  (See  Plates  11,  12,  and  13.)  The  50  and  112  feet  levels  have 
been  connected  by  a  third  (the  No.  2  air)  shaft.  A  winze  has  been  sunk  to 
50  feet  below  the  112-feet  level  at  the  northern  end,  and  a  crosscut  conneotB 
it  with  the  lode.  Large  stopes,  25  to  35  feet  high,  ten  to  30  yards  in  length, 
and  up  to  20  feet  in  width,  have  been  opened  between  the  shafts  above  ^<t 
50-feet  and  the  112-feet  levels. 
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It  is  proposed  to  run  an  adit  from  the  hillside  to  the  northern  end  of  the 
deposit,  at  the  200-feet  level.  This  the  manager  has  calculated  would  be  400 
feet  long.  An  adit  to  the  southern  end  of  the  deposit  would  be  shorter,  but 
owing  to  the  broken  nature  of  the  country  there  much  expense  would  have  to 
be  incurred  in  making  a  road. 

Prospecting  drives  have  been  opened  on  the  15-feet  level  and  on  the 
50-feet  level  (on  the  north),  but  beyond  that,  and  continuing  the  112-feet 
drive  some  30  yards  beyond  where  payable  ore  was  found,  little  prospecting 
has  been  done.  A  crosscut  to  the  east  from  the  southern  end  of  the  112-f6et 
level  is  necessary.  It  is  not  definitely  known  what  ore  there  is  between  the 
surface,  the  50  and  the  112  feet  levels,  though  it  could  be  ascertained  by 
crosscuts  from  the  main  and  little  air  shafts.  Since  my  visit  the  main  shaft 
has  been  sunk  to  172  feet  depih,  and  a  crosscut  to  the  west,  striking  ore  within 
a  few  feet,  continued  in  it  for  29  feet.  At  the  present  time  (April)  drives  are 
being  opened  north  and  south  in  this  ore. 

Ore  Bodies. — ^As  the  plans  show,  the  ore  body  is  exceedingly  irregidar  in 
strike,  dip,  and  thickness.  The  average  strike  may  be  taken  as  north  and 
south    and  the  dip  as  vertical    or  coincident  with  that  of  the  country. 

The  thickness  of  clean  ore  varies  from  three  feet  up  to  21  feet.  Latest 
advices  report  the  body  on  the  172-feet  level  to  be  29  feet  in  width. 

Ore. — The  typical  ore,  chiefly  psilomelane  but  containing  pyrolusite,  and 
probably  also  braunite,  is  massive,  and  mostly  steel-grey,  passing  into 
dull-bluish  in  bands  and  patches.  It  is  sometimes  honeycombed,  and  then  the 
cavitiee  are  lined  with  a  dead-black  deposit  of  binoxide.  At  times  it  has  the 
structiu'e  of  slate,  while  in  a  few  cases  it  is  botrioidal  and  stalactitic,  and  is 
then  found  to  be  in  concentric  layers.  The  hardness  of  the  ore  is  6,  the 
fracture  is  irregular  and  slightly  conchoidal,  and  the  streak  is  deep-brown 
and  shining.  Its  specific  gravity  is  -1.1.  The  ore  is  singularly  free  from 
the  clay  linings  in  cavitdes  so  characteristic  of  the  ore  from  most  of  the  other 
localities,  silica  and  country  rock  being  the  chief  impiuities. 

The  mine  manager  has  observed  that  the  best  ore  is  found  where  the 
country  (clay  slate)  is  softest,  and  thus  far  its  hardness  has  decreased  with 
depth,  it  being  on  tlie  surface  a  jasperoid  (hard,  red,  and  flinty)  while  in  tlie 
deepest  workings  it  is  a  very  soft  clay  slate  (little  harder  than  compressed 
clay). 

The  present  ores  may  pass  into  carbonates  in  depth  though  no  trace  of 
such  has  yet  been  found.  Even  though,  as  seems  most  likely,  the  ore  body 
should  pinch  at  greater  depth,  another  will  eventually  be  picked  up  on  further 
sinking  and  crosscutting,  ae  on  the  162-feet  level. 

A  table  of  assays  (Government  Analyst)  of  samples  taken  by  me  is  given 
below: — 


Sample. 


1.  North  end  112-feet  level  

2.  South  face  in  50-fe*-t  level  (90  feet  from  air  shaft 

and  10  feet  fr(»m  little  air  shaft) 
4.  North  stope  aN)ve  112-feet  level  (12  feet  to  18  feet 
wide,  "all  good") 

6.  Sonth  stope  above  112  feet  level  '*  unmarketable ' 

7.  Face  above  112-feet  level  (20  feet  wid«>)      

J.  "Poor  ore**  thrown  over  tip 

9.   'Pickiogn*  thrown  over  tip 

w  Bottom  new  winse  (6  feet  thicknem)  


MnO,. 


57.3 

71.0 

51.2 
70.0 


54.1 


P. 

S. 

trace 

— 

0.11 
trace 


trace 
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There  seeme  to  be  some  prospect  of  a  market  being  found  for  the  ore  in 
the  United  Kingdom  in  the  near  future,  but  at  present  the  whole  of  the 
product  from  this  mine  goes  to  Mount  Morgan.  That  deliyered  during  1901- 
1902  came  from  above  the  112-feet  level,  and  averaged  73.1  per  cent, 
manganese  dioxide.  The  average  for  1902-1903  was  the  same,  tlie  highest 
«Bsaj  being  75^  per  cent.  (40  tons) ;  the  highest  in  1903  was  76  per  cent.  The 
x)utput  during  1902  was  the  greatest,  running  from  100  to  120  tons  a  month, 
while  that  during  the  previous  year  was  80  tons  a  month.  The  lists  of 
Khipments  received  at  Mount  Morgan,  given  below,  were  kindly  supplied  me  bj 
Captain  Richard: — 

Output  rsoM  Mount  Milliil 


YMr. 

Ore. 
Tonii. 

Manganew  Dioxide. 

Per  oent. 

May  to  Deoemher,  1895        

197i 

69.66    to   76.84 

Juiu«ry  to  Mii\\  I89G           

46 

65.8      „    72.94 

JftDttiry  to  October.  1H97      

419 

55.09    .,    71.91 

May  to  I>eoember,  1898         

S89i 

65.60    „    73.40 

Jannary  to  D«o(nrib«r,  1H99 

»42 

66.40    ,,    74  38 

January  to  Decern lM»r,  1900 

1,000 

66.30    „    74.70 

February  to  Deoeiitber,  1901          

719& 
9l9l 

70.50    „    75.30 

January  to  November,  1902            

69.70    „    75.80 

1908            

1,350 

74.1 

5,563 

The  ore  on  the  172-feet  level  is  proving  to  be  the  best  yet  handled,  the 
latest  return  (April)  having  run  79.36  per  cent  manganese  dioxide. 

The  approximate  value  of  the  ore  raised  till  the  middle  of  1902  was 
£15,000. 

Treatment. — As  the  ore  has  to  be  bagged  for  shipment  it  is  considered 
advisable  to  spall  and  handpick  it  to  some  extent,  in  order  to  raise  the 
percentage  of  manganese  dioxide.  Ore  in  which  specks  and  veinlets  of  silica 
can  be  seen  is  thrown  over  the  tip,  together  with  a  large  amount  showing 
crystalline  p3m>lusite  and  ore  too  hard  to  break  up.  A  sample  of  tihe  material 
yields  ((Jovernment  Analyst): — 

Manganese      45.5  per  cent. 

Silica  ...         ...         14.9         ,, 

There  must  be  hundreds  of  tons  of  marketable  ore  in  the  tip.  A  sample 
of  pickings  from  the  "  fines  "  thrown  on  the  tip  assays  (Government  Analyst)  :— 


Manganese 


40     per  cent. 


When  the  mine  was  visited  the  ore  was  raised  by  whip  and  windlass,  but 
titeam  winding-gear  has  now  been  piu'chased,  so  that  the  output  can  be  increased 
at  shortest  notice. 

The  exact  cost  of  mining,  sorting,  and  freight  to  Rockhampton  is  not 
iivailable,  but  the  amount  is  probably  not  much  more  than  £1  per  ton. 


II.— AUCKLAND  HILL. 

Locality. — Auckland  Hill,  forming  Auckland  Point,  is  the  extreme 
nortJiem  end  of  the  ridge  on  which  Gladstone  is  built.  {See  Map  21.)  Althouprh 
leased  for  mining  purposes  it  is  a  recreation  reserve,  and  is  known  by  the 
Gladstone  Municipal  Council  as  Victoria  Park.     Its  area  is  12  acres.    On  the 
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ea^t  is  Port  Cutris,  with  the  Government  jetty  for  large  boat*;  and  on  the  west 
is  Auckland  Iniet,  with  wharves  for  the  smaller  vessels,  making  the  position  an 
idea!  one  as  far  as  shipping  is  concerned.     (See  Plan  22.) 

History. — Work  was  first  begun  here  in  1882,  witli  the  intention  of 
exporting  the  ore,  but  operations  had  soon  to  be  suspended.  The  ore  has  been 
attacked  from  time  to  time  since  then,  principally  to  supply  Charters  Towers 
and  Mount  Morgan,  most  of  the  work  being  done  by  the  late  Mr.  Spiro,  during 
1895,  1896,  and  1897.  The  mine  now  lies  idle  in  the  hands  of  a  Toowoomba 
svndicate. 

Workings. — The  main  workings  (see  Plate  14)  are  on  the  western  side  of  the 
hill,  but  one  shaft  has  been  sunk  on  the  north,  and  proved  the  existence  of  ore 
within  five  chains  of  tlie  points,  and  quite  lately  a  pot-hole  has  been  opened  in 
the  south-western  comer  of  the  park  in  six  feet  of  slate,  partly  replaced  by 
Manganese  ore.  An  adit  was  put  into  the  hillside  below  and  a  little  to  the 
north  of  this,  but  failed  to  find  more  than  a  trace  of  manganese.  Therefore 
that  deposit  either  has  the  form  of  a  lens  or  it  has  '^pitched/'  or  it  has  been 
faulted.     The  first  is  most  probable. 

The  main  workings  include  an  open  cut  with  various  short  crosscourses ; 
nn  adit  90  yards  in  length  level  with  the  municipal  roadway,  which  is  only  a 
few  feet  above  high-'water  mark  ;  three  shafts  from  the  surface ;  and  a  main 
drive  35  yards  long  comiecting  the  northern  and  southern  shafts. 

A  general  view  of  the  mine  is  given  in  Plate  15. 

The  coimtry  consists  of  soft  clay  slates,  which  in  places  in  the  main  adit 
arc  almost  free  from  iron  stains,  and  have  been  proved  to  be  suitable  for 
pottery. 

Ore. — The  ore  occurred  in  bunches  of  up  to  20  or  30  tons,  connected  by 
stringers.  While  inspecting  the  vein  in  the  main  drive  there  was  no  doubt  in 
my  mind  that  ore  has  there  replaced  slate.  As  the  main  shaft  reaches  a  litUe 
below  sea-level,  and  is  only  70  yards  from  Auckland  Inlet,  there  has  been  a 
great  influx  of  brackish  water,  which  has  thus  far  prevented  sinking,  though 
it  is  said  the  ore  in  the  lower  part  of  the  shaft  is  better  than  that  above  the 
water. 

The  ore  is  massive,  and  consists  of  a  mixture  of  psilomelane,  pyrolusite, 
and  braunite;  it  has  a  submetallic  lustre  and  steel-grey  colour  with  brown 
streaks ;  its  hardness  is  5.5,  and  its  specific  gravity  is  3.8.  That  raised  always 
contained  a  considerable  amount  of  clay,  and  had  to  be  washed  before  ship- 
ment. For  this  purpose  a  crude  form  of  rocking-table  was  employed,  being 
connected  by  a  rod  to  the  flywheel  of  the  engine  used  for  hauling. 

The  ore  exported  by  Mr.  Spiro  contained  an  average  of  67  or  68  per 
cent,  manganese  dioxide.  A  shipment  of  ore  from  the  main  shaft,  raised  by 
Mr.  Torbeck  in  1901,  ran  77  per  cent,  manganese  dioxide.  A  sample  was  taken 
from  the  few  tons  lagged  now  on  the  surface :  it  assays  (Government  Analyst)— 


Manganese      

46.7  per  cent. 

Manganese  dioxide    ... 

69.4 

Silica 

7.6 

Iron                  

2.2         „ 

Phosphorus     ... 

0.33       ,. 

Sulphur           

trace 

The  phosphorus  is  objectionally  high,  if  the  ore  be  required  for  speigeleisen. 
The  element,  however,  probably  occurs  in  the  clayey  impurities,  which  may 
be  expected  to  decrease  below  water-level. 
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The  following  ahipmenU  have  been  received  at  Mount  Morgan: — 


Tew. 

Oro. 

Tonu. 
100 
278 
480 

117 
298i 

Xanganev  Pioiide. 

May  to  October,  1895            

January  to  Deeemher,  1896 

Januiry  to  September,  1897           

July  to  Sept^mlx^r,  1^99       

January  to  Ootoher,  1900      

Per  cent. 
68.55    to    77.63 
56.18    „    74.94 
43.6      „    72.93 
H7.5      „    69.87 
52.65    .,    77.4 

1,273^ 

III.— MORGAN'S  AJ^D  RAID'S. 

Locality, — ^Morgan's  workings  lie  three-eighths  of  a  mile  west  of  the  ei^t- 
mile  bench  mark  on  the  Gladst^one-liockhampton  Railway  Line.     {See  MJEip  23.) 

Huiory, — Morgan  began  work  about  six  years  ago,  and  during  three 
years  obtained  a  couple  of  hundred  tons  of  ore.  The  ground  then  lay 
abandoned  for  two  years,  when  Reid  took  it  up  and  secured  18  tons  15  cwt. 
of  ore. 

Workings, — A  line  of  trenches  and  small  shafts  runs  up  the  side  of  a 
ridge  in  a  westrsouth-west  direction  for  a  distance  of  fiye  chains. 

Reid's  workings  are  on  the  ridgetop,  where  some  of  the  surface  ore  is  said 
to  haye  been  5  per  cent,  better  than  that  at  Mount  Miller,  but  much  of  the  ore, 
though  hard  and  metallic-looking,  contained  only  40  per  cent  MnG^.  The 
deposit  struck  north-west,  and  pitched  in  the  same  direction.  The  country 
rock  here  also  is  a  hard  red  jasperoid  slate,  with  white  quartz  yeins,  causing 
"  pseudo-breccia"  (exactly  the  same  in  appearance  as  that  at  Mount  Colo,  north 
of  Kilkivan*). 

The  main  shaft  is  1 10  feet  deep,  witli  crosscuts  30  feet  in  length  to  north 
and  20  feet  to  south  in  country  at  the  bottom.  At  70  feet  depth  is  a  drive 
for  12  feet  to  north-west  and  35  feet  to  south-east,  also  in  country.  At  35  feet 
depth  a  15-feet  incline  driye  to  the  north-west  picked  up  ore  at  fiye  feet  from 
the  shaft,  but  at  the  end  it  became  yery  poor. 

About  fiye  chains  north-west  of  the  main  shaft  the  jasper  has  been 
apparently  brecciated  and  infilled  with  manganese  oxides.  A  few  large  bunches 
of  ore  were  worked  out  by  Morgan.  Reid  opened  an  adit  about  20  feet  below 
one  of  these,  and  then  connected  the  old  and  new  workings  with  a  winze.  Two 
bunches  of  ore  were  struck,  one  15  feet  long  and  one  to  fiye  feet  thick,  and  one 
three  feet  in  diameter.  They  yielded  about  eight  and  a-half  tons  of  ore.  Tlie 
sketch  appended  shows  how  irregular  the  deposits  were.     {See  Fig.  4.) 


/Hk/ J*3pefoi</ 
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Workings 
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Ore. — There  appear  to  have  been  a  number  of  north  and  south  lenses 
connected  by  cross  branches,  in  a  red  jasperised  slate.  Ore  was  never  found 
at  a  greater  depth  than  20  feet,  and  the  deposits  seem  to  have  been  at  least 
partly  in  a  residual  clay — i.e,^  concentrated  owing  to  disintegration  and 
denudation  of  the  country  rock.  There  is  a  large  area  of  red  soil,  and  tons  of 
shoads  are  said  to  have  been  collected,  but  ground  was  broken  only  where  a 
block  outcropped. 

The  following  shipments  have  been  received  at  Mount  Morgan : — 


Ywtr. 

Ore. 

Manganese  IMoxlde. 

Aognst  and  October,  1897 

April  tn  December,  1898       

*^""J  J   iUV^r                   •••                •••                 >»■                 •••                 •••                                       ■■« 

Tons. 

122} 
18i 

Percent. 
69.2   to    60.65 
67.1    „    72.70 
66.43 

183^ 

IV.— BOAT  CREEK. 

Locality. — ^Boat  Creek  workings  are  on  the  end  of  a  rocky  redsoil  spur, 
about  160  feet  above  the  flats  south  of  Boat  or  Targinie  Creek,  seven  miles 
west  of  Gladstone.  (jS'e^llfap  23.)  They  are  now  abandoned.  A  reward  claim 
was  taken  up  by  D.  Mclntyre  in  May,  1902,  but  the  ground  had  been  held  long 
before  that. 

Workings. — More  trenching  has  been  done  on  this  hill  than  in  the  whole 
of  the  remainder  of  the  Gladstone  district,  but  no  large  deposits  have  been 
exposed,  so  the  red  colour  of  the  soil  must  be  due  to  iron  disseminated  in 
the  slates. 

It  was  not  possible  to  examine  any  of  the  shafts,  as  all  ropes  and  ladders 
had  been  removed.  Very  little  is  to  be  seen  on  the  surface.  The  mine  was 
abandoned  because  operations  failed  to  locate  further  deposits  of  ore  at  a 
reasonable  outlay. 

Ore  Deposits. — Bunches  of  ore  occurred  in  two  zones  connected  by 
mauganese-stained  country.  Some  of  the  ore  from  here  has  a  better  appearance 
even  than  that  from  Mount  Miller.  Several  hundred  tons  of  good  ore  (lowest 
68  per  cent.,  highest  70.8  MnO^),  are  reported  to  have  been  taken  from  the 
latest  workings  on  the  north.     {See  Fig.  5.) 

Pig.  6. 


The  following  Bhtpmente  hwe  been  receiTed  at  Blount  Morgan  ;— 

T«r. 

Ore. 

M»y  to  NnvambBT.  IBOl        

April  V.  Augiwt,  1902           

Ton.. 
79 

Percent 

6G.G  to  ear 

68.4    „    70.8 

144 

v.— SHAW  AND  MOKRIS. 
Locality, — This  deposit  lies  three  and  a-half  miles  due  north  of  Calliope 
imd  eight  and  a-half  miles  south-«outh-weat  of  GladBtone.    {Sk  Map  24.)    "^t 
diHtance  by  road  to  the  landing  on  the  Calliope  River  is  four  and  a-half  milea, 
practically  all  down  hill. 

Workings. — It  waa  diiwOTered  three  years  ago  by  Cairacron,  who  held  it 
fur  six  months,  and  obtained  from  an  open  cut  about  ten  tons  of  on,  which 
Btill  lies  at  graaa.  The  ground  wag  taken  up  later  by  Shaw  and  Moirit,  the 
original  lessees  of  Mount  Miller,  and  worked  for  eighteen  months.  "Hiej  stnk 
two  shafts,  still  open  to  a  depth  of  20  feet,  at  which  level  in  the  northern  diaft 
are  a  drive  for  ten  feet  te  the  west,  and  an  incline  for  40  feet  to  the  east 
Ore. — The  ore  raisd  by  Caimcross  nssayB  (Government  Analyst) : — 
Manganese  dio side    ...         69.6  per  cent. 

Manganese      4(1.7         „ 

Iron  ...  2.7         „ 

Silica  4.6         „ 

Phosphorus     0.14      „ 

The  following  shipments  have  been  received  at  Mount  Morgan : — 


Juiuuy  to  Octobtr,  1900 


68.3   tp   71.7 


VI.— REID'S. 

{See  Map  12.) 
Locality. — Reid's  Mine  is  on  the  western  side  of  portion   Iv,  Calliope, 
about  five  chains  north-east  of  the  railway  line,  seven  and  seven-eighths  mile* 
frotn  Gladstone.     {See  Map  12.) 

Ore  Bodiet. — Lenticular  bodies  witliin  12  feet  of  the  surface  yielded  30 
tons  of  good  ore. 

Kg.  6. 

Naj  SHAFT 
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Workitiffs. — Two  shafts  were  sunk  on  the  ore   bodies,  beneath  which  a 
jsscut  from  a  thii-d  shaft  proved  only  stains  of  manganese.    (See  Fig.  6.) 


VII.— CAIRNCROSS. 

Locality. — Hiese  old  workings  are  on  freehold  portion  115,  Toolooa,  four 
iiiileK  Lorth-east  of  Calliope  and  nine  miles  due  south  of  Gladstone.  (See 
Map  24.) 

Workings. — The  deposits  were  first  worked  in  1882,  when  a  shaft  was 
sunk  -iO  feet,  and  a  pothole  one  and  a-half  chains  north  of  it,  and  on  the 
opposite  side  of  the  ridge,  was  opened. 

Ore  Bodies. — The  ore  body  in  the  sliaft  yielded  .'50  tons  of  ore  before 
[inching  out  in  quartzose  slate,  striking  north-west.  This  ore  had  to  be 
washed  to  remove  a  coating  of  clay.  Another  bunch  of  15  tons  of  cleaner  ore 
was  obtained  from  the  pothole ;  this  is  said  to  have  been  vertical,  but  nothing 
of  it  can  now  be  seen.  Blocks  of  ore  have  been  found  right  to  the  boundary 
of  portion  172.  On  the  surface  the  ore  is  rather  siliceous,  but  it  improves  at 
a  depth.  The  ore  raised  was  sold  in  Gladstone  for  £3  per  ton  and  thence 
shipped  for  Charters  Towers. 

The  cost  of  cartage  to  the  Calliope  River  was  then  Ts.  to  8s.  per  ton  and 
to  Gladstone  £1,  which  would  now  be  lOs.  or  less.  The  royalty  required  by  the 
owner  of  the  ground  is  Is.  per  ton. 

VIII.— ONE-TREE  (OR  ROUND)  HILL. 

{See  Map  20.) 

Martinis  (abandoned). — Old  workings,  about  half  a  mile  south-south- 
east of  the  Hill.  A  couple  of  potholes  show  iron-stained  clay  slate,  and  a 
httle  slate  partly  replaced  by  manganese  ore,  and  one  shows  a  little  impure 
p^ilomelane,  not  however  worth  further  ))rospecting.  There  is  a  small  diorite 
dyke  striking  north-north-east  a  few  yards  east  of  the  workings. 

Frys  (abandoned). — ^lliese  lie  north  35  degrees  east  from  the  Hill.  In 
one  pothole  thin  bedded  clay  slates  strike  north-north-east  and  dip  very 
steeply  to  the  west-north-west.  An  underlie  shaft  was  opened  for  about  nine 
feet  on  two  to  three  feet  of  rather  poor  manganese  ore,  dipping  with  the 
country  45  degrees.  The  hanging-wall  country  is  friable,  but  the  footwall  into 
vviiich  the  ore  gradually  fades  is  clialcedonic.  The  ore  body  is  worth 
pros{)ecting,  and  an  attempt  has  been  made  to  sink  a  shaft  ten  feet  from  the 
outcrop,  but  was  given  up  after  sinking  a  few  feet. 

Footers  (abandoned). — Within  100  feet  of  the  top  of  One-tree  Hill  is  a 
tunnel  100  feet  in  length,  crossing  the  slates  in  a  direction  west  by  south. 
Tile  slates  dip  three  in  one  to  the  west,  and  are  practically  all  iron  and 
inaii<;anese  stained,  which  accounts  for  the  redness  of  the  soil  on  the  hill.  No 
lode  was  found. 

Jones  ^  (abandoned). — ^The  workings  are  on  the  brow  of  a  ridge  three- 
quarters  of  a  mile  north-north-west  of  the  Hill.  The  country  is  manganese- 
stained  ochreous  slate  with  small  fragments  of  manganese  ore.  A  shaft  and 
several  potholes  have  been  opened  on  small  bunches  of  ore.  Trenches  are 
needed  to  prove  whether  there  is  anything  permanent  here. 

IX.— GARDNER'S  (CALLIOPE). 

Lftcality. — ^The  outcrop  of  this  deposit  is  on  the  one-chain  road  on  the 
eastern  side  of  portion  364,  East  Stowe,  and  just  south  of  the  ten-chain  road. 

(.SV^  Map  24.) 
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Ore  Body. — It  consists  of  four  feet  of  decomposed  clay  slate  with  lumps 
of  ore,  forming  beneath  the  surface  a  mass  from  six  inches  to  three  feet  in 
width,  apparently  striking  east  and  west. 

Occasional  blocks  have  been  found  on  the  surface  for  a  few  chains  north 
and  south,  pointing  to  that  being  the  strike.  A  shaft  was  sunk  verticallj 
on  the  original  outcrop  to  a  depth  of  20  feet,  and  the  body  was  followed  on  the 
underlie  from  20  to  30  feet  depth.  Another  mass  of  ore  on  the  south  side  of 
the  shaft  not  yet  broken  into  is  probably  a  continuation  of  the  deposit  on  a 
north  and  south  line. 

Ore, — Much  of  the  ore  is  practically  ironstone,  and  the  best  ore  on  the 
surface  is  reported  to  contain  only  55  per  cent,  manganese  dioxide.  A  sample 
taken  from  ten  feet  depth  assays  (€rOTemment  Analyst) : — 

Manganese  dioxide    ...         43.6  per  cent. 
Manganese                 ...         297 
Iron      22.1 


X.— TORBECK'S  (KIRKWOOD'S,  MOUNT  BEECHER). 

{Set  Map  20.) 

Locality, — One  mile  south-east  of  Mount  Beecher  and  seven  miles  sou^- 
east  of  Gladstone. 

Torbeck'g  Ore  Body. — A  small  bunch  of  ore,  on  which  a  vertical  shaft  is 
being  sunk  by  Bir.  Torbeck,  gave  way  within  a  few  feet  to  black  manganese- 
stained  country  rock,  found  when  broken  into  to  consist  of  chalcedonic  and 
jasperoid  slate,  with  bunches  of  ore;  this  forms  a  belt  a  chain  in  length,  four 
to  six  feet  wide,  and  containing  more  or  less  manganese  ore  to  a  depth  of  20 
feet.  It  strikes  north-north-west,  and  on  the  surface  dips  1  in  4  to  the  west- 
south-west.  It  is  proposed  to  sink  and  then  drive.  At  a  depth  of  25  feet  in 
the  shaft  the  dip  is  changing  towards  east-north-east,  and  slight  traces  of 
manganese  are  to  be  seen  at  30  feet  depth.  There  is  always  a  possibility  of 
ore  being  struck  in  such  country  as  this,  but  there  is  nothing  very  promising 
here  as  yet.  Only  five  tons  of  ore  have  been  obtained,  and  represent  peiimps 
ten  per  cent,  of  the  material  removed. 

Kirkwood's  Workings. — Four  chains  south  of  Torbeck's  shaft  is  a  pothole 
on  a  small  manganese .  deposit  striking  north-north-east  and  dipping  east- 
south-east  (perhaps  only  locally).  Thickness  is  as  much  as  a  foot  in  places,  but 
in  others  the  ore  fades  into  red  jasperoid  slate. 

The  footwall  country  is  soft  red  clay  slate,  streaked  with  white  in  a 
similar  manner  to  the  footwall  country  near  the  little  air  shaft  in  the  Mount 
Miller  Mine.  This  deposit  may  open  out,  but  it  gives  no  definite  promise  of 
doing  so. 

Kirkwood's  old  shaft  is  on  a  vertical  fissure,  ten  feet  east  of  this  pothole. 
It  is  50  feet  deep.  At  the  surface  the  eastern  wall  is  vertical  and  plain,  but 
the  western  wall  is  often  replaced  with  iron  and  manganese. 

Ore. — About  ten  tons  of  ore  from  Eirkwood's  shaft  lie  on  the  surface; 
blocks  of  it  up  to  a  foot  in  diameter  have  the  structure  of  slate,  and  are 
probably  metasomatic  after  it.  An  analysis  of  a  sample  of  the  picked  ore  is 
(Government  Analyst): — 

Manganese  dioxide    . . .         54.4  per  cent. 
Manganese      ...         ...         37.7         „ 
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XI.— MOUNT  CROSISCO. 

Locality. — Mount  Crosisco  {ste  Map  20)  is  in  the  centre  of  portion  ISt, 
£a8t  Stowe,  eight  miles  south-south-west  of  Gladstone. 

GourUry, — Red  jasperoid  and  manganese-stained  and  replaced  slates, 
striking  north-north-west,  outcrop  and  produce  a  reddish-brown  soil  for  a 
couple  of  hundred  yards  down  the  northern  side  of  the  mountain.  The 
country  is  worth  prospecting  by  trenches. 

Reid's  pothole  is  on  manganese-bearing  jasperoid,  about  five  chains  south 
d  portion  13v,  and  ten  chains  from  portion  228.  There  are  traces  of  uianganese 
in  jasperoids  about  ten  chains  south-west  of  this.  The  country  here  is 
«erpentinous  slate,  of  a  different  character  to  any  seen  elsewhere  in  the  district. 
The  whole  locality  is  worth  prospecting,  though  very  little  ore  is  to  be  seen. 

XII.— TARGINIE. 

Locality. — Manganese  ore  (a  single  block  weighing  about  a  hundred- 
weight), wuK  found  a  mile  north-east  of  Targinie  township,  on  the  northern 
€nd  of  a  low  ridge.     (See  Map  23.) 

Ore. — ^The  ore  is  massive,  black,  and  glossy,  with  a  strong  conohoidal 
fracture,  and  a  black  and  shining  streak.  Its  hardness  is  6.5,  and  its  specific 
gravity  3.7.  Specimens  of  red  jasperoid,  partly  replaced  by  quartz,  are  found 
on  the  surface. 

Workings. — ^A  shaft  has  been  begun  in  decomposed  reddish  and  purplish 
slate,  which  five  feet  from  the  surface  is  stained  with  manganese.  Owing  to 
the  good  quality  of  the  ore  it  is  worth  sinking  a  shallow  shaft  here  to  prospect 
the  ground. 

XIII.— ISIANDS  IN  PORT  CURTIS. 

Traces  of  manganese  are  to  be  found  on  several  of  the  islands  north  of 
Gladstone.     {See  Map  21.) 

On  the  highest  point,  and  in  the  centre  of  Turtle  Island,  a  small  quarry 
has  been  made  on  a  band  of  slate  ten  feet  wide,  and  partly  replaced  by 
manganese  and  quartz.  The  ore  obtained  was  probably  payable,  but  none 
that  now  remains  could  be  utilised  for  any  purpose. 

On  the  east  side  of  Compigne  Island,  and  at  the  south  end  of  Picnic 
Island,  are  numerous  half-inch  veinlets  of  very  good  manganese  ore,  but 
nothing  workable. 

Indefinite  rumours  are  also  heard  of  manganese  on  Curtis  Island,  which 
was  not  visited. 

.  XIV.— KROOMBIT. 

In  the  vicinity  of  the  old  furnace  area  at  the  Five-mile  Copper  Mines,  already 
Tc'ferred  to,  several  fragments  of  manganese  ore  were  observed.  No  prospecting 
has,  however,  yet  been  done  for  deposits  of  the  ore. 

4.-CONCLU8ION. 

I. — Markets. 

At  the  present  time  there  is  in  Queensland  a  limited  local  demand  for 
nigh-grade  ore  (70  per  cent  MnO^)  only,  which  has  been  easily  met  by  the 
one  mine  now  working  in  the  Gladstone  district.     Tlie  demand  is  that  of   the 
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Mount  Morgan  Gold  Mining  Company,  who  require  tlie  dioxide  for  the  genera- 
tion of  chlorine,  100  tons  a  month  sufficing  at  jjrcnent.  The  company, 
naturally  not  wishing  to  be  dependent  on  one  mine,  has  greatly  encouraged 
prospecting  in  this  as  well  as  other  districts.  Tims  far  the  results  in  the 
Gladstone  district  have  been  disappointing,  the  deposits  found,  with  the 
excej)tion  of  the  Mount  Miller,  proving  small  and  irregular.  From  their 
nature  the  deposits  must  always  be  considered  difficult  and  uncertain,  as  well 
as  expensive  to  work  on  any  scale. 

Imports  of  ore  Iiave  been  made  by  the  Mount  Morgan  Comi)any  from 
Xew  Zealand  and  Java,  but  the  shipments  always  contain  much  less  dioxide 
than  the  first  samples  sent,  and  the  company  consider  the  local  supply  the 
best  procurable. 

Prospecting  in  the  past  has  been  for  ore  for  this  market  only,  but  when 
steel-works  are  erected  in  Australia  there  will  be  a  sti-ong  demand,  even  for 
ore  such  as  that  at  Gardner  s,  Calliope,  low  in  manganese,  but  high  in  iron. 

The  only  other  local  demands  for  manganese  ores  are  potteries, 
chemical  works,  and  smelters,  but  their  total  consumption  is  very  small. 

Doubt  is  often  expressed  locally  as  to  the  possibility  of  working  the 
local  deposits,  owing  to  the  immense  quant  it  ites  in  Russia  and  Brazil,  but 
there  is  encouragement  in  the  consideration  that  these  are  never  all  high-grade 
ore,  well  situated,  nor  suitable  for  all  industries.  Then,  as  in  Russia  the 
railway  freight«  are  very  high,  and  deliveries  are  so  uncertain  that  many 
consumers  are  glad  to  buy  elsewhere.  In  Brazil  the  deposits  are  over  200 
miles  from  the  coast,  freight  thus  eating  up  much  of  the  profits. 

U.--Valw  of  the  Ore. 

In  the  home  markets  manganese  ore  containing  over  50  per  cent, 
manganese  has  been  quoted  during  the  last  few  years  at  about — generally 
u  little  less  than — Is.  per  unit.  The  English  quotation  for  January,  1904, 
was  9^d.  per  unit,  and  the  American  Is.  O^Q.,  for  50  per  cent,  ores  containing 
less  than  8  per  cent,  silica  and  0.1  per  cent,  phosphorus.  With  these  values 
it  would  require  55  per  cent,  ore  to  pay  expenses  alone  (putting  mining  at 
10s.,  cartage  at  os.,  and  freight  to  EEngland  at  25r.).  As  there  is  no  likelihood 
r)f  special  vessels  being  chartered,  owing  to  the  available  supply  being 
insufficient,  we  have  no  present  prospect  of  an  extensive  export  trade. 

I  should  like  to  acknowledge  the  assistance  rendered  by  many  people  in 
the  district,  especially  Messrs.  Torbeck,  Reid.  Miller,  Baker,  Fisher,  Caimcross,. 
and  Gardner. 
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III.— MARYBOROUGH  DISTRICT, 
A—iron  Ore  Deposits. 

1.  MOUNT  BIGGENDEN.* 

Locality. — The  mine  lies  five  miles  south  of  Degilbo,  and  is  four  and 
a-half  miles  by  road  from  Biggenden  Railway  Station,  which  is  54  miles  from 
Maryborough.  Howard,  the  centre  of  the  Burrum  Coal  Field,  is  72  miles 
distant  by  rail. 

Atnount, — The  amount  of  iron  ore  actually  proved  by  the  workings  is 
only  about  80,000  tons,  but  very  little  prospecting  would  be  necessary  to 
expose  a  much  larger  quantity. 

Workings, — (See  plana  given  with  Report  quoted.)  The  worked  ground  is 
included  in  an  east  and  west  direction,  within  three  and  a-half  chains,  and  in  a 
north  and  south  direction  within  seven  chains.  The  workings  consist  of  three 
open  cuts,  an  adit,  a  main  shaft,  and  various  drives  and  crosscuts.  The  main 
shaft  is  150  feet  deep. 

Ore, — The  main  deposit  consists  of  magnetite  with  patches  of  calcite  and 
disseminated  bismuth  ores.  A  belt  of  slate  ten  feet  thick  on  the  west  separates 
the  main  magnetite  outcrop  from  a  smaller  one.  There  is  another  body,  not 
worked,  east  of  that  exposed  in  the  main  open  cut.  Tlie  magnetite  shows  no 
thinning  at  the  145-feet  level. 

Treatment. — Being  raised  for  jj;old  and  bismuth,  at  the  present  time,  the 
(re  is  liand-picked  to  a  limited  extent  at  the  surface.  After  crushing,  the  pulp 
from  the  mills  is  washed  over  Frue  vanners,  the  concentrates  from  which  are 
dried  on  a  furnace  and  fed  into  a  magnetic  concentrator  of  the  revolving- 
lylinder  type,  with  a  capacity  of  seven  tons  vanner  concentrates  per  12  hours. 
The  magnetite  thus  Kcparated  is  practically  free  from  impurities. 

The  amount  of  limestone  in  the  immediate  vicinity  of  the  mine  is 
unlimited,  one  bed  a  few  chains  to  the  east  being  30  feet  across,  and  extending 
for  a  quarter  of  a  mile,  with  a  proved  depth  of  145  feet. 

The  gold  and  bismuth  separated  magnetically  from  the  iron  should  pay  for 
the  cost  of  crushing  and  separating  a  very  pure  iron  ore  for  the  furnaces. 

2.  GAYNDAH. 

The  range  top,  five  miles  south  of  Gayndah,  is  capped  in  places  with 
a  considerable  thickness  of  laterite,  altered  in  places  into  limonite  and  turgite. 
One  of  these  caps  was  lately  taken  up  as  a  prospecting  area  for  gold  and  silver. 
It  is  a  curved  plateau,  15  chains  in  length  and  up  to  five  chains  wide,  the 
greater  part  of  the  surface  of  which,  as  well  as  much  of  the  slopes,  is  covered 
with  blocks  of  limonite  and  turgite  (hydrated  sesquioxide  of  iron),  varying  from 
dull-brown  to  bright-red,  and  from  a  soft  powder  to  a  compact  solid.  At 
several  points  a  white  aluminous  rock  can  be  seen,  either  filling  pipes  in  the 
limonite  or  else  as  blocks  with  joints  filled  by  that  mineral ;  but  practically  95 
per  cent,  of  the  outcrops  are  iron  ore.     The  deposit  may,  for  the  talus  hides 


*  Mount  Bigffendea  Gold  and  Bismuth  Mine.     By  L.C.B.  1902.    By  Auth.:    Brisb. 
G.S.Q.P.,  No.  173. 
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the  lower  part,  have  a  maximum  thickness  of  50  feet  at  the  southern  end, 
gradually  tapering  out  to  the  north-west  in  thickness  as  well  as  in  width.  Thus 
there  should  be  over  a  million  tons  of  ore  here. 

A  general  sample  from  the  whole  surface  assays  (Government  Analyst): — 

Iron  334 

Silica  and  insoluble  ...     35.7 
Phosphorus 0.1 

The  lower  ridge  running  north  from  the  above  is  also  capped  with  limonite. 

The  limonite  rests  on  flat-bedded  white  cherty  sandstones  and  shales,  which 
will  probably  prove  to  be  of  Cretaceous  age.  Similar  rocks  exist  as  far  south  as 
Brovinia  Creek,  and  as  far  west  as  Dy kehead — ^in  fact,  cap  the  greater  part  of 
the  intervening  country.  Limonite,  perhaps  less  pure  even  than  that  ut 
Scotland's  Hills,  occurs  at  a  great  number  of  localities  in  this  area;  and  all 
grades,  from  the  pure  mineral  through  ferruginous  beauxite  to  only  slightly 
Ktained  beauxite  can  be  found.  My  opinion  is  that  these  limonites  represent 
the  residuum  of  former  beds  of  volcanic  tuif  or  mud,  or  even  lava,  and  that 
they  belong  to  the  Cretaceous  beds  with  which  they  are  always  associated.*^ 


B— Limestones. 

1.  DALESFORD. 

Dalesford  is  a  siding  on  the  Bundaberg-Mount  Perry  Railway  Line,  36 
miles  from  the  former  place,  and  31  miles  from  the  latter.  All  the  limestone 
deposits  hitherto  worked  are  within  a  distance  of  five  miles  to  the  south-south- 
east of  the  station. 

PoBTioK  1317,  Walla  (Toban's). 

Three  main  lines  of  limestone  occur  in  the  south-eastern  comer  of  the 
portion,  five  miles  south-south-east  of  Dalesford  Railway  Station. 

The  country  rock  is  highly-altered  slightly-contorted  clay  schist,  with 
intercalated  lenses  of  quartz,  and  it  is  noticeable  that  where  quartz  is  most 
strongly  developed  limestone  is  absent,  and  vice  versd  ;  in  only  one  place  in  the 
district  was  quartz  seen  in  association  with  limestone.  The  dip— 45  degrees 
to  60  degrees — varies  from  south-south-west  to  south-west. 

The  main  body  of  limestone  here  is  over  a  chain  in  width,  and  is  traceable 
for  about  five  chains,  when  towards  the  north  it  gradually  tapers  out,  while 
towards  the  south  it  is  covered  with  detritus.  A  quarry,  a  chain  in  diameter 
(ten  chains  from  the  south-eastern  comer  of  the  portion),  has  been  opened  to 
15  feet  depth  on  this  outcrop,  and  exposes  a  bed  of  limestone  15  feet  thick, 
with  25  feet  additional  limestone,  including  bauds  of  schist.  The  limestone  is 
bluish  and  laminated  and  in  places  is  very  impure.  Part  of  the  st'One  quarried 
was  burnt  in  an  adjacent  kiln  dug  out  of  the  hillside. 

Another  quarry  (15  feet  deep  and  a  chain  long)  five  chains  west  of  the 
alx)ve,  is  now  worked ;  the  bed  varies  from  ten  feet  to  a  chain  in  width,  within 
a  distance  of  three  chains,  and  the  dip  is  here  50  degrees  to  the  west. 

The  limestones  contain  absolutely  no  trace  of  fossils,  and  though  now 
massive  show  traces  of  thin  bedding.    Before  breaking  the  rock  it  is  impossible 


*  Reported  Gold  Find  at  ScotUod's  Hills,  near  Gayndah.    By  L.C.B.    Queensland  Oovemmeni 
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to  distinguish  it  frdm  the  slate,  and  it  probably  represents  n  metamosaticaily 
replaced  sediment.  It  contains  pyrite  in  places,  which,  though  an  advantage 
at  Mount  Perry,  would  be  objectionable  for  steel-making. 

In  July  last  3,000  tons  had  been  sent  away,  and  of  this  1,000  tons  went 
to  the  Milaquin  Sugar  Refinery.  Much  of  this  material  was  obtained  from  the 
original  outcrops. 

The  cost  of  quanying  is  28.  3d.  per  ton,  and  of  cartage  to  Dalesford  68. 
The  central  mill  tramline  now  reaches  to  within  one  and  a-half  miles  of  the 
<)uarrie8,  and  it  may  in  the  future  be  worth  while  to  extend  it  to  them. 

Poet  ION  7V,  Walla.  (Stevens's). 

Stevens's  tjuarry  lies  about  half  a  mile  south-west  of  Toban's.  It  is  only 
rtii  feet  across,  though  the  limestone,  which  is  slightly  more  homogeneous  than 
li»i)an*s,  is  30  feet  wide  and  three  chains  in  length.  Other  outcrops  can  be 
picked  up  fur  miles  to  the  south. 

This  is  the  only  place  where  limestone  and  quartz  were  found  in  contact. 
The  country  is  clay  schist,  with  large  blows  of  himgry  white  quartz  containing 
lilms  of  secondary  muscovite  on  cracks.  This  quartz  near  the  quarry  gives 
wav  quite  suddenly  to  limestone. 

The  best  limestone  from  here  has  assayed  96  per  cent,  calcium  carbonate, 
but  a  little  is  so  stained  with  oxides  of  iron  and  clay  that  it  is  useless. 

Stbvens's  Mineral  Sblection. 

This  lies  about  ten  chains  south  of  the  last  quarry.  On  the  surface  the 
stone  ten  yards  across  is  almost  white,  but  becomes  dirty-blue  at  15  feet  depth. 
Tlu;  limestone  here  gives  way  in  the  most  abrupt  manner  to  slate,  opposite  sides 
0!  joints  being  slate  and  limestone.    This  is  further  evidence  of  replacement. 

It  is  reported  that  there  are  numerous  other  outcrops  of  limestone  south 
of  this,  and  there  is  thus  probably  a  belt  extending  down  to  Tenningering 
Head  Station,  where  limestone  is  known  to  occiu-  in  large  quantities,  but  owing 
to  its  geographical  position,  quite  unavailable  at  present. 

PoBTiON  1230,  Walla  (ThieFs). 

The  limestones  are  in  the  eastern  end  of  the  portion,  half  a  mile  west  of 
Toban's  quany.  The  strata  here  strikes  north  and  south,  and  dip  80  degrees  to 
the  west.  The  limestone  seems  to  have  developed  on  the  northern  side  of  a 
fault  striking  west-north-west  It  varies  from  light-blue  to  yellow  in  colour,  and 
has  every  appearance  of  having  replaced  thin  bedded  slates.  Slabs  six  inches 
thick  and  two  feet  six  inches  square  can  be  obtained  without  any  trouble. 

A  quarry  three  chains  long  and  one  chain  in  width  is  now  being  worked, 
but  outcrops  of  limestone  occur  for  over  two  chains  to  the  east,  and  again  five 
chains  to  the  north-east  is  another  bed  of  deep-blue  limestone.  During  the 
lifteen  months  previous  to  my  visit  7,000  tons  of  stone  had  been  sent  away, 
while  the  total  exported  from  the  whole  district  was  computed  as  10,000  tons, 
valued  at  £4,000. 

Other  Outcrops. 

On  the  Crown  land  two  miles  south-east  of  Dalesford  several  claims  have 
lieen  pegged  out,  but  the  limestone  beds  here,  which  are  vertical,  and  strike 
north  and  south  are  generally,  as  far  as  proved,  less  than  three  feet  in  thickness. 
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The  stone  is,  however,  yarioualy  coloured — ^pink,  blue,  and  green — ^and  would, 
if  in  quantity,  be  of  value  for  building  purposes.  The  country  rock  is  chloritic 
schist  with  disseminated  octahedral  crystals  of  magnetite. 

2.  BIGGENDEN  AND  DEGILBO. 

Considerable  beds  of  limestone  occur  in  a  belt  running  south  from 
Biggenden  and  Degilbo*  (the  latter  the  temiiims  of  a  railway  from  Mary- 
borough). 

Though  large  quantities  of  stone  sufficiently  pure  for  lime-making  can  be 
had  between  the  two  towiiK,  the  greater  part  of  the  deposits  is  rather  impure. 
This  would,  perhapH,  be  rather  an  advantage  than  otherwise  in  a  flux.  The 
limestoiieK  near  the  Biggenden  mines  are  often  gametiferous,  and  admirably 
adapted  for  fluxing. 

3.  GIGOOMGAN. 

There  are  in  the  neighbourhood  of  (ligoomgan  Head  Station  large  outcrops 
of  limestone  of  all  degrees  of  purity,  from  marble  to  calcareous  shale. t 

A  belt  of  more  highly  altered  limestone  occurs  to  the  south  of  this, 
midway  between  the  Degilbo  and  Kilkivan  branch  railways.  J 


C— JHan^anese  Ore  Deposits. 

1.  GIN  GIN. 

The  manganese  deposits  in  the  Gin  Gin  district  have  been  dealt  with  in 
detail  in  a  separate  report.  § 

Very  little  work  has  been  done  on  tlie  deposits  as  yet,  the  outcrops  only 
having  been  tested,  and  they  average  considerably  below  70  per  cent, 
manganese  dioxide.  There  is,  however,  promise  of  the  deposits  increasing  in 
size  and  quality  below  the  surface. 

2.  DEGILBO. 

The  deposits  in  this  district  are  referred  to  in  the  above  report.  Though 
the  ore  is  slightly  richer  than  that  at  Gin  Gin,  the  quantity  apparently  available 
is  onlv  a  few  tons. 


*  G.S.(^P.,  No.  173, 

t  Anmud  Notes.     L.C.B.     (^teendand  Oovemrnent  Mitdno  JouriuU^  June,  li)03,  vo],  IV. 

t  Report  on  Yorkey's  Gold  Field  and  the  MarodUn  Gold  and  Copper  Field.    By  L.C.B. 
Bris.    By  Auth.,  1902.    G.S.Q.P.,  No,  179. 

§  Some  Manj^nese  Deposits  in  the  Gin  Gin,  Degilbo,  and  Warwick  Districts.    By  L.C.B. 
Bris.:  By  Auth.,  190.S.     G.S.Q.P.,  No.  ]89. 
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IV,— IPSWICH  DISTRICT. 

Locality  Map  25. 

A—Iron  Ore  Deposits. 

1.  PINE  MOUNTAIN. 

Locality  and  Topography. — Pine  Mountain  is  a  ridge  three  miles  in 
length  in  a  north  and  south  direction,  and  at  its  base  a  mile  in  width ;  the  highest 
pointy  near  the  southern  end,  is  fiye  miles  north-north-west  of  the  Ipswich  Railway 
Station.     (See  Plate  16.) 

It  forms  a  distinctive  feature  in  the  landscape,  there  being  no  other  eleyated 
ground  within  many  miles  in  all  directions.  The  slopes  of  the  mountain  itself 
are  exceedingly  precipitous^  but  the  foothills  are  generally  smooth  and  rounded. 
The  mountain,  with  the  slate  country  round  it,  was  formerly  covered  by  a  dense 
growth  of  scrub,  patches  of  which  stUl  exist,  especially  on  the  north.  The  scrub 
growth  is  due  in  the  first  place  to  the  great  richness  and  open  nature  of  the  soil, 
but  it  has  probably  been  influenced  by  the  water-bearing  character  of  the  country 
rocks. 

The  mountain  owes  its  existence  to  belts  of  quartzite,  which  have  proved 
luore  resistant  to  atmospheric  denudation  than  the  ferruginous  clay  slates,  ore 
bodies^  serpentine,  «Scc.,  round  about  it. 

The  term  Pine  Mountain  now  includes  the  closely  settled  district  round 
rhe  base  of  the  mountain  proper.  The  land  was  taken  up  in  the  very  early 
<lav8,  and  is  now  all  freehold. 

The  most  striking  feature  of  the  district  is  the  redncKs  of  the  soil  on  the 
^late  country,  tlie  intensity  varying  from  very  deep-maroon  to  light-brown. 

Former  Reportn,  dr. — Iron  ore  has  been  noticed  on  the  south-west  side  of 
The  mountain  ever  since  the  land  wa8  taken  up,  and  several  experts  from 
England  are  reported  to  have  visited  the  district  to  inquire  into  the  matter. 
Mr.  William  H.  Hands,  then  Assistant  (Tovernment  Geologist,  inspected  the 
district  is  1894,  specially  with  regard  to  the  discovery  of  gold  and  iron  ores. 
Tlie  following  extracts  are  taken  from  his  report : — * 

"  The  most  westerly  bed  of  the  Pine  Mountain  series  is  a  soft  greenish 
mottled  serpentine,  which  I  traced  in  a  north-north-westerly  direction  from 
Jackson^s  selection  No.  276  for  a  distance  of  about  two  miles.  Liunps  of 
I'liromite  (chrome  iron  ore),  have  been  picked  up  on  this  serpentine  area;  the 
'greater  number  of  pieces  appear  to  be  in  the  neighbourhood  of  selections  Nos. 
o36  and  541,  taken  up  in  the  name  of  A.  W.  Knox.  I  found  one  piece  that 
must  have  weighed  over  half  a  hundredweight.  The  chromite  has  only  been 
found  in  lumps  on  the  surface,  and  not  in  situ.  From  the  position  of  the  pieces 
it  is  probable  that  if  any  regular  deposit  is  found  it  will  be  near  the  siumnit 
of  the  ridge  fonned  by  the  serpentine  (which  lies  to  the  west  of  Pine  Mountain 
proper).  Another  bed  of  serpentine,  with  some  impure  chrome  ore  mixed 
through  it,  occurs  in  Gee's  selection,  about  50  chains  due  east  of  the  above. 

**  Immediately  east  of  the  serpentine  there  is  a  bed  of  impure  brownish 
limestone.  This  crops  out  in  Hughes's  selections  Nos.  306  and  308;  in 
Thompson's  selection  No.  309;  and  Hill's  selection  No.  160a.  Further  south,  in 
Donnell's  and  Pennell's   selections,  the   cherty  magnesian  limestone   already 


*  Annual  Report  of  the  Under  Secretary  for  Mines  for  1894. 
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referred  to  occurs.  Tliis  limestone,  I  aiii  iiifomied,  contains  too  much  magnesia 
to  be  of  service  in  the  manufacture  of  cement.  Outcrops  of  this  limestone  occur 
in  selections  Nos.  267,  268,  275,  286,  300,  and  301. 

"  East  of  this  limestone  there  is  a  bed  of  quart zite  stained  with  oxide  of 
iron ;  in  some  places  there  is  such  a  larii:e  percentage  of  oxide  of  iron  that  it 
becomes  a  siliceous  hjvmatite.  The  outcrop  of  this  bed  is  16  chains  across  in 
places. 

"  A  drive  was  put  in  close  to  Mr.  Uussells  house,  on  selection  312.  .  .  . 
Tlie  drive  was  about  2.5  feet  in  lensfth  to  the  face.  The  stone  was  assiived,  Imt 
found  to  contain  too  much  silica  to  be  of  anv  use  for  the  manufacture  of  iron : 
in  fact,  the  greater  part  of  it  was  simply  an  iron-stained  quartzite.  Some  holes 
hAve  since  been  sunk  by  Mr.  Russell  to  the  east  of  Mr.  Lloyd  Owen's  workings, 
in  which  he  came  upon  stone  with  a  high  percentage  of  iron  in  it  (a  siliceoas 
h(8Binatite).  This  richer  stone  appears  to  be  running  in  layers  parallel  to  the 
strike  of  the  beds. 

"  The  same  bed  of  quartzite,  with  occasionally  fair  ironstone,  can  be  traced 
northerly  through  Brice's  selection  No.  384,  and  on,  I  am  informed,  across  the 
BHsbane  River,  and  in  a  southerlv  dii*ection  awav  to  Gee's  selection  No.  273, 
and  PennelFs  selection  No.  269. 

•^  Leaving  in  abeyance  altogether  the  question  whether  it  would  be 
possible  to  manufacture  iron  at  a  price  that  could  compete  with  the  imported 
metal,  there  is  not  stone  here  suitable  for  its  manufacture  in  anything  Hke 
sufficient  quantity. 

"  Another  bed  of  this  iron-stained  quartzite  occurs  further  to  the  east,  in 
Scott's  selection  No.  377." 

Proiiperts. — It  is  evident  from  the  above  that  attention  has  thus  far  been 
directed  solely  to  the  '*  quartzite  "  outcrops,  as  probably  the  caps  of  lodes. 
Wliile  it  seenis  fron<  analogy  with  the  Ijtike  Superior  deposit.'^  po*f«ible  that  these 
outcrops  will  pass  into  iron  ore  at  a  depth,  it  is  also  very  probable  that  there 
are  large  deposits  of  ore  in  the  hollows  between  the  outcrops. 

In  order  to  test  this  assumption,  rough  samples  of  the  surface  soil  were 
taken  from  various  localities,  but  the  results  of  assay  were  very  disappointing. 

The  following  seem  to  be  some  of  the  most  likely  places  for  soft  ores: — 
Tlie  hollow  on  the  western  part  of  portion  482 ;  the  '*  neck  "  on  the  west  of 
Sherlock's  Summit ;  the  centre  of  portion  273  ;  the  western  side  of  portions 
290,  291,  and  292  ;  the  western  part*  of  portions  322,  323  :  portion  319  (?) :  aiid 
centre  of  portion  379.  It  may  be  taken  that  the  average  width  of  these  areas 
will  be  five  chains,  and  the  length  from  five  to  20  chains  or  more.  No  definite 
calculations  can  be  made  till  the  ground  has  been  thoroughly  tested,  preferably 
by  means  of  diamond  drills. 

Owing  to  the  vicinity  of  the  Ipswich  coiil  measures,  this  locality  is  all  the 
more  worthy  of  prospecting  for  iron  ores.  (What  little  ore  has  been  found 
consists  of  haematite.)  The  Esk  Railway  passes  within  a  mile  of  the  deposit^, 
and  splendid  grades  could  be  found  for  a  connecting  line,  when  the  total  distance 
from  Ipswich  would  be  about  seven  and  arhalf  milee. 

Were  steel  works  erected  at  Pine  Mountain,  manganese  ore  might  be 
brought  in  small  quantities  from  Kholo,  but  if  that  did  not  suffice,  it  could  be 
shipped  to  Brisbane,  taken  up  the  river  to  Ipswich  in  punts,  and  then  railed 
to  the  works. 

:    Pure  limstone  is  the  only  requisite  not  found  in  quantity  in  the  district. 
Limestone  for  use  in  Brisbane  has  for  some  years  been  obtained  from  the 
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Duke  Islands  (between  Rockhampton  and  Mackay),  and  it  might  be  necessary 
to  bring  the  flux  from  there. 

Geology. — Pine  Mountain  is  really  almost  an  island  in  the  Ipswich  coal 
measures.  No  fossils  have  yet  been  obtained  to  give  any  clue  to  the  age  of  the 
rocks.  It  can  only  be  said  that  they  are  much  older  than  the  Ipswich  coal 
measures.  The  youngest  rock  in  the  district  is  the  basalt  which  occurs  in 
patches  on  all  sides  of  Ipswich.  It  seems  probable  that  this  rock  issued  from 
volcanoes  or  fissures  to  the  south  of  Ipswich.  That  now  coTerin^  an  area  of  two 
aud  a-half  square  miles  between  Muirlea  Station  and  Pine  Mountain  seems  to 
have  flowed  along  the  western  side  of  the  mountain,  where  fragments  only  can 
DOW  be  found  (portion  293). 

The  strike  of  the  strata  can  only  be  assumed  from  the  outcrops  of  the 
(luartzite,  jasperoid,  and  serpentine,  varying  from  west-north-west  to  north- 
uorth-west.  The  dip  is  nowhere  distinguishable  except  on  the  river  bank  in 
portion  482,  where,  in  one  place,  it  is  40  degrees  to  the  north.  It  would  seem 
tiiat  the  strata  east  of  aji  axis  running  north-north-east  through  portion  482, 
strike  nearer  east  and  west  (say  east-south-ec^t)  than  the  remainder,  which  strike 
north-north-west.  A  reason  for  the  occurrence  of  the  ore  deposits  is  therefore 
^iven  in  that  the  strata  at  the  bend  were  shattered,  and  possibly  opened  along 
the  bedding,  giving  circulating  waters  free  passage. 

The  most  western  bed  exposed,  for  a  distance  of  a.  few  yards  up  to  20 
chains,  consists  of  a  very  ferruginous  rock,  with  a  skeleton  of  silica  and  patches 
of  a  green  magnesian  silicate  and  veins  oi  opaline  chalcedony — ^probably  highly- 
ahered  serpentinous  rock,  as  assumed  by  Mr.  Rands.  Next  to  this  rock,  and 
sometimes  included  in  it,  comes  scliistose  unaltered  Rerj)entin6,  witli  an  average 
width  of  a  few  chains  only,  but  in  places  up  to  ten  chains. 

No  extensive  beds  of  limestones  were  seen,  the  rock  only  occurring  in 
small  lenses  in  the  slates  and  jasperoids,  the  latter  rock  being  probably  due 
to  the  replacement  by  silica  and  iron. 

The  white  magnesian  limestone  referred  to  by  Mr.  Rands  is,  in  my  opinion, 
a  :^condary  deposit,  due  to  the  decomposition  and  leaching  out  of  a  former 
covering  of  basalt. 

Tlie  jaseproids  are  dense,  red,  flinty  rocks,  owing  their  origin  chiefly  to 
secondary  changes  in  the  original  slate  or  limestone.  Partial  or  complete 
solution  of  the  original  constituents  has  taken  place,  and  iron  and  silica  have 
been  precipitated  in  their  place.  Such  a  rock  is  of  universal  occurrence 
throughout  Queensland  in  connection  with  iron  and  manganese  deposits  in  the 
older  rocks.  It  is  not  confined  to  Queensland  being  found  also  with  the  Lake 
Superior,  United  States  of  America  (taconite)  deposits,  in  Cuba,  and  in  Brazil, 
lu  many  of  the  Lake  Superior  deposits  the  taconite  forms  a  capping  over  the 
whole  or  part  of  the  ore. 

The  belt  of  iron-bearing  rocks  forming  Pine  Mountain  is  found  to  continue 
nortli-nortli-w^estwards  beyond  the  Brisbane  River  into  the  parish  of  SaW,  where 
there  are  most  promising  indications,  on  which  no  work  of  any  kind  has  been 
done. 

Chromite. — This  hitherto  undescribed  outcrop,  on  portion  29,  Sahl,  is 
11  miles  north-north-west  of  Ipswich,  on  the  closed  part  of  the  old  main  Rrisbane 
stock  route,  two  chains  from  the  western  side  of  the  portion. 

The  fragments  forming  the  outcrop,  and  varying  from  pebbles  up  to  masses 
of  several  tons  weight,  cover  an  area  up  to  five  yards  across,  extending  in  a 
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soutIi-6outh4aaftterl7  direction  for  a  distance  of  two  chains.  It  can  reasonably  be 
assumed  that  there  are  at  least  60  tons  of  ore  on  the  GRirface.  Ore  containing  50 
per  cent,  cliromic  oxide  is  worth  £6  38.  per  ton  (April,  1904).  The  following  is 
Jthe  result  of  analysis  (Goremment  Analyst)  : — 

Iron        ...         ...         ...         13  percent. 

Chromium  ...         ...         28        „ 

(equivalent  to  83.5  per  cent,  chromic  oxide). 

The  soil  here  is  dark-brown,  and  at  the  time  of  my  visit  carried  thick  grass, 
which  rend^ed  geological  work  very  difficult.  The  only  rook-fragments  to  be 
found  consisted  of  quartzite,  there  being  no  sign  of  serpentine.  Chromite  i»  also 
found  as  scattered  fragments  in  the  serpentine  area  between  the  Pine  Mountain 
school  and  the  mountain  itself.  These  were  referred  to  by  Mr.  Rands  in  his 
report.* 

2.  NORTH  IPSWICH. 

Locality, — The  property  of  the  Ipswich  Coal  and  Coke  Company,  portions 
178,  179,  184,  123,  126,  &c.,  Cliuwar,  is  at  the  head  of  Bundanba  Cre^,  three 
to  four  miles  north  of  Ipswich. 

Extent, — ^Ten  outcrops  of  clay  ironstone  were  seen  within  two  miles  on  a 
north-east  line.  As  there  are  a  number  of  faults,  the  actual  number  of  beds 
may  be  less.  The  tip  from  Gallen's  shaft  on  portion  123,  contains  a  quantity 
of  ore — a  band  three  feet  thick  is  said  to  be  at  a  depth  of  40  feet. 

Clay  ironstone  is  said  to  form  the  floor  of  the  Binley  (Glenooe)  coal  seam. 
The  seams  are  reported  to  extend  for  miles.  That  on  179  and  178  can  be 
followed  for  a  distance  of  a  quarter  of  a  mile.  This  has  a  thickness  of  two  feet 
six  inches,  and  makes  a  stronger  outcrop  than  the  others.  The  outcrop  consists 
chiefly  of  limonite. 

In  calculating  the  probable  quantity  avaihible  a  band  of  ore  (of  specific 
jxravity  =  4)  one  foot  thick  may  be  taken  to  contain  12,000  tons  per  acre. 

The  proximity  of  coal  is  imiwrtaiit.  A  large  seam  with  bands  runs 
through  the  centre  of  the  property,  only  a  few  chains  from  the  largest  of  the 
clay  iron  outcrops.  Coal  has  been  worked  to  some  extent  in  the  Glencoe  and 
Boxwood  Collieries. 

These  bands  would  be  worked  in  conjmiction  with  the  coal,  and  would  be 
roasted  and  smelted  on  the  ground. 

(Ipper  Kholo  Bridge,  on  Brisbane  River.  Samples  of  limonite  have  been 
brought  in  from  this  locality,  but  the  occurrence  has  not  yet  been  inspected. 

In  connection  with  the  above  tihe  occurrence  of  clay  ironstone  at  Slack's 
Creek,  16  raile«  south-east  of  Brisbane,  and  also  on  the  Burrum  Coal  Field,  should 
be  mentioned. 

3.  PARISH  OF  DUNDAS. 

Locality. — Portion  140,  Dixon  (and  33,  Dundas),  13  miles  east  of  Bsk. 
Portion  140  is  in  broken  country  at  the  head  of  Middle  Creek,  but  portion  33  is  in 
comparatively  gentle  country.    It  is  believed  that  the  road  down  Middle  Creek 
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to  Bellevue  Railway  Station  is  verj-  gentle.  The  dietance  ie  about  18  miles. 
£sk  in  nearer,  but  pan  of  the  country  to  be  traversed  in  that  direction  is  rather 
broken. 


Extent. — The  main  deposit  is  18  inches  thick,  eKt«nding  for  only  a  few 
yards,  ten  at  most,  with  well-defined  walls,  but  sometimes  including  country 
rock.  Fragments  of  ore  are  found  on  tht>  hill  above,  on  the  north-east,  corering 
aij  area  70  by  100  yards,  and  down  the  hillside  on  the  south-west  to  Middle 
Creek.     Tlie}*  hiivc  probably  been  Hhed  from  small  lenticular  bunches. 

Ore. — The  ore   is  niassive  crystalline  bsematite  of  great  purity.     It  is 

strongly  magnetic. 

Vnaiitry.—C\ay  slale,  Nlrikiug  nortli-west  and  di]t|>iiig  north-east,  and 
dyke*  of  syenite.  A  large  outcrop  of  granitic  syenite  occurs  on  portion  90, 
jiljout  one  mile  north-west  from  the  iron  ore.  The  ore  probably  owes  its  origin 
>o  a  continuntion  of  this  inaiK  under  portion  190.  The  deposit  is  mentioned 
liecnuse  an  exaggerated  idea  of  its  size  has  been  formed  by  many.  There 
I'lobahly  are  other  deposits  in  the  locality,  hut  no  prospecting  has  been  done 
ior  iron. 

4,  PARISH  OF  DUGANDAS. 

Lncal'Uy. — Parish  of  Dugandan,  pre-emptive  purchase  1.  On  the  chain- 
road,  shout  threoHjuarters  of  a  mile  north  of  the  Dugandan  Bridge  orer  Teviot 
Brook,  2J  miles  ea8t-north-««at  of  Boonah,  which  is  59  miles  distant  from 
Brisbane  by  rail. 


A'»rfff^^— Two  outcrops  of  clay  ironstone  (each  sii  indies  to  a  foot  thick, 
weathering  i-ed  with  cracks  tilled  with  calcite),  dipping  at  an  angle  of  45  degrees 
north-west,  are  separated  by  about  40  feet  of  shaly  sandstone  containing 
petrified  trees  preserved  in  limonite.  A  dark  band  (probably  a  coal  seam)  under 
sandstone  occurs  about  six  feet  above  the  clay  ironstone.  Numerous  (half  a 
duzen)  beds  besides  these  lire  to  be  seen  on  the  main  northern  road  from 
Dugandan  Railway  Station,  a  mile  t«  the  west  of  the  above-mentioned  outcrops. 
They  do  nob  extend  to  tlie  east  because  of  the  intrusion  of  the  tjschyte  (})  mass 
forming  Mount  Dugandan. 
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A  sample  from  the  large  seain  on  pre-emptive  purchase  1  yields  (Government 

Analyst) :  — 

Iron  ...         ...  4-5.36  per  cent. 

Silica  12.4  „ 

Phosphorus 0.234       „ 

Sulphur         Nil. 

Carbon  dioxide         ...  4.4  ., 

Some  little  work  would  have  to  be  done  on  these  deposit*  to  show  whether 
tJiey  are  thick  enough  to  be  worked.     It  is,  however,  highly  improbable  that 
such  ore  could  be  worked  even  if,  as  people  in  the  district  report,  almost  every 
well  sunk  lias  pansed  throu^yh  one  or  more  coal  seams  of  medium  thickness — two 
or  three  feet. 

5.  PARISH  OF  COOCHIN. 

Various  outcrops  of  clay  ironstone  are  seen  on  the  road  running  south, 
from  Dugandaii  to  Coochin  Head  Station. 

(a)  Boulders  one  mile  north  of  the  Wallace  Creek  Crossing. 

(b)  Outcrop  on  the  road  between  portions  104  and  46n.     There  are  also 
signs  of  two  seams  of  coal  within  a  quarter  of  a  mile  to  the  north-west. 


B— Limestones. 

1.  Pine  Mountain. 

The  only  bedded  limestones  known  in  the  Ipswich  district  are  the  small 
deposits  near  Pine  Mountain,  but  magnesites,  passing  into  dolomite,  and  even 
into  limestone,  occur  as  secondary  products,  due  to  the  decomposition  and 
leaching  out  of  the  basalt  caps  found  at  numerous  places. 

2.  Ipswich. 

The  limestone  on  Limestone  Hill,  which  was  formerly  used  locally  for 
making  cement,  was  proved  by  Mr.  Maitland,  a  former  Assistant  Government 
Geologist,  to  be  the  cap  of  an  igneous  dyke.*.  The  quantity  available  for  any 
purpose  is  not  large. 


C— IWanf^anese  Ore  Deposits. 

1.  PARISH  OF  KHOLO. 

Introduction. 

The  deposits  visited  are  in  the  southern  part  of  the  parish  of  Eholo,  from  sir 
to  nine  miles  north  of  Ipswich,  and  all  within  three  miles  of  the  Brisbane  River. 
Besides  those  shown  on  the  map,  others  are  reported  to  be  in  the  broken  country 
in  the  far  north  of   the  parish,  and  still  others  occur  near   the  Moggil  parish 
boundary,  a  few  miles  to  the  east. 

Serious  mining  operations  have  been  undertaken  at  only  one  place — viz.. 
Dandy's  Knob,  on  the  reserve  for  water  supply,  but  trenches  and  potholes  have 

*  Ann.  Prog.  Rep.  of  William  H.  Rands,  Assi'itant  Government  Geologist,  for  the  year 
1894. 
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been  opened  on  portions  91,  56,  24,  69,  73,  and  12v.  The  manganese  occurt 
in  bunches  generally  containing  only  a  few  tons  of  ore,  and  operations  have  ia 
these  cases  been  suspended  as  soon  as  the  bunches  cut  out.  Portions  56,  69, 
122,  and  91  have  been  leased  by  the  owner  for  manganese  mining  for  a  term 
of  twenty  years  for  a  royalty  of  Is.  6d.  per  ton  raised. 

The  distribution  of  the  outcrops  over  an  area  of  six  square  miles  gives 
proMise  of  penuanency.  Larger  deposits  may  yet  be  found,  and  the  compara- 
tive purity  of  the  ore  is  some  inducement  to  prospect.  At  present,  however, 
notl.inp:  is  being  done  in  the  district.  The  value  of  the  occurrences  lies  chiefly 
in  their  proximity  to  the  Ipswich  coal  and  iron  deposits. 

The  Kliolo  manganese  ore,  as  a  wliole,  is  freer  from  clay  than  that  at 
Gladstone,  and  when  pure,  a  much  larger  proportion  of  it  is  soft,  most  of  the 
harder  material  being  only  partly  replaced  slate.  The  deposits  occur  in  at 
least  four  distinct  zones  or  horizons.  Tlie  country  rocks  (clay  slate  and  schist, 
qxiartzite  and  red  jasperoid),  are  verj*  siniihir  in  general  characteristics  to 
thoBe  at  Gladstone,  though  more  thinly  laminated  in  the  Kholo  district.  Their 
age  has  not  yet  been  determined  (though  shown  on  the  State  map  as  Gympie, 
Peniio-Caxboniferous). 

Dandy's  Knob. 

Jj€}ca1ity. — This  mountain  lies  just  outside  the  eastern  boundary  of  portion 
73,  half  a  mile  north  of  the  main  stock  route,  and  at  the  junction  of  the  ranges 
separating  the  waters  of  Cabbage-tree,  Shelly,  and  Cameron's  Creeks.  It  rises 
some  300  feet  above  the  stock  route,  and  600  feet  above  the  river. 

Workings, — Manganese-bearing  clay  slates  and  jasperoids  have  been 
trenched  for  a  distance  of  two  chains.  The  main  opening  in  clay  slate  and 
]a«p«>roid  (dipping  70  degrees  north  a  few  degrees  east),  from  which  a  small 
bunch  of  ore  has  been  removed,  is  ten  chains  east  of  portion  73.  A  shaft  hat 
been  sunk  80  feet  in  clay  schist  20  feet  north  of  this.  At  the  time  of  my  visit 
it  was  open  only  to  the  30-feet  level,  where  there  is  a  crosscut  to  the  lode  ten 
feet  in  length.  This  appears  to  have  met  a  bunch  of  ore  six  feet  long  and  up 
to  a  foot  in  thickness.  Practically  all  the  ore  was  removed,  so  that  no  idea  can 
be  formed  as  to  its  quality ;  the  adjacent  country  is  quartzite. 

It  might  have  been  worth  while  crosscutting  15  or  20  feet  furtlier  to  reach 
the  manganese-bearing  stratum  exposed  in  the  hole  south  of  the  main  open  cut. 
The  stratum  consists  of  three  feet,  of  clay  slate  and  jasperoid,  partly  replaced,  and 
veined  with  manganese  dioxide,  and  is  very  likely  to  improve  in  depth. 

A  mistake  was  made  in  sinking  the  shaft  away  from  the  lode,  because  of 
the  l)unchy  occm-rence  of  the  ore.  Had  the  shaft  been  sunk  on  the  lode,  any 
sDiall  bunches  of  ore  struck  would  have  lielped  pay  expenses,  and  nmch  more 
prospecting  could  have  been  done. 

Between  70  and  100  tons  are  reported  to  have  been  shipped  from  this  place, 
but  no  records  are  available. 

Portion  91. 

Williams'  Hill,  on  the  eastern  side  of  freehold  portion  91,  about  16  chains 
from  the  southern  boundary,  rises  300  feet  above  the  Brisbane  River. 

An  outcrop  of  jasperoid  clay  slate,  partly  replaced  by  manganese  ore,  and 
varying  in  width  from  two  to  four  feet,  can  be  traced  in  a  north-westerly 
direction  across  the  hilltop  for  a  distance  of  a  chain  from  the  eastern  boundary. 
Two  small  bunches  of  ore,  ten  yards  apart,  have  been  opened,  yielding  a  total 
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of  only  two  or  three  tons  of  marketable  ore.     This  ore  assays  (GJoremment 
Analyst) : — 

Iron  ...         ...  0.56  percent. 


Silica 

Manganese  . . 
Phosphorus  .. 
Sulphur 


17.7 
42.7* 
0.13 

Nil. 
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The  immediate  couutiy  is  clay  schist,  except  at  the  northern  end,  where 
reddish  jasperoid  forms  the  footwall. 

POKTION    56. 

There  is  on  this  freehold  a  small  outcrop  on  the  end  of  a  spur,  five  chains 
north  of  the  river  road  and  25  chains  north-north-west  of  the  Mount  Crosby 
Pumping  Station.  A  trench  ten  feet  long  and  six  feet  wide,  has  been  opened 
to  a  depth  of  five  feet  on  a  body  of  ore  which  appears  to  dip  45  degrees  to  the 
south-west.  The  ore  has  a  slaty  glassy  appearance,  and  altogether  about  ten 
tons  have  been  obtained.     It  assays  (G<)vemment  Analyst) : — 

Iron  0  67  percent. 

Silica  27.6 

Manganese    ...         ...         42.4 


The  countiy  rock  is  quartzose  clay  slate. 

Portion  124. 

On  the  western  slope  of  a  razorback  running  from  Mount  Crosby  along  the 
western  side  of  this  freehold  is  an  outcrop  of  manganese  ore,  300  feet  above 
the  river.  The  surface  soil  has  been  scratched  away,  but  really  no  work  has 
been  done,  and  little  can  be  seen  of  the  deposit.  The  ore  body  appears  to  be 
two  feet  thick,  and  to  strike  north-west.  South  of  it  is  jasperoid,  and  north  is 
clay  schist.     It  is  worth  testing. 

PoitTION    60. 

Two  patches  of  about  a  ton  each  of  residual  blocks  of  good  ore  have  been 
found  in  the  north-western  comer  of  this  freehold.  The  country  is  quartzite 
and  clsiy  slate,  and  beyond  the  blocks  mentioned  there  is  no  sign  of  ore. 
Further  prospecting  in  the  locality  would,  however,  no  doubt  lead  to  additional 
discoveries. 

Portion  122. 

In  the  north-western  comer  of  this  freehold  similar  lumps  of  good  ore  are 
found,  but  amount  to  only  a  few  hundredweight.  They  indicate  the  general 
manganiferous  nature  of  the  locality. 

Portion  73. 

There  are  two  outcrops  on  this  freehold.  The  first,  on  the  line  of  the 
Dandy's  Knob  lode,  is  about  20  chains  west  of  the  main  shaft  there,  and 
consists  of  two  to  three  feet  of  clayey  schist  and  manganese  ore.  A  shaft  was, 
without  result,  sunk  ten  feet  on  this,  in  the  reasonable  hope  that  there  might 
be  a  bunch  of  ore  beneath,  the  surface  material  being  quite  unmarketable. 


*  Equivalent  to  Man{?anes!*e  dioxide    ..    G4*8  per  cent. 
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The  second  outcrop  is  five  chains  further  west,  and  is  only  about  150  feet 
above  the  river.  A  trench  was  opened  in  four  feet  of  red  clay  soil,  with  residual 
lumps  of  siliceous  ore,  on  quartzite  partly  replaced  by  and  containing  bunches  up 
to  three  feet  thick,  of  poor  slaty  ore.  There  is  very  little  marketable  ore,  but 
it  may,  as  elsewhere   improve  at  a  depth. 

In  the  creek  below  the  last  deposit  is  &  ten-feet  band  of  ferruginous  and 
manganiferous  slate  which,  owing  to  the  proximity  of  quartzite  and  jasperoid, 
is  worth  following  and  prospecting  for  bunches  of  manganese  ore.  The 
occurrence  of  a  peniianent  spring  here  gives  further  promise  of  there  being  ore 
deposits  on  this  line. 

Portion  12  v. 

Manganese-stained  quartzite  and  jasperoid,  five  chains  north  of  the  main 
stock  route,  have  been  prospected  at  several  points  in  portion  12v,  but  it  seems 
to  have  been  labour  wasted. 

Portions  31,  32,  and  71. 

Included  partly  within  each  of  these  freeholds  is  an  area  18  chains  in 
length  and  12  chains  in  greatest  width,  consisting  of  flat  red  soil  country, 
which  is  believed  to  be  underlaid  by  bog  iron-manganese  ore.  The  only  place 
where  the  underlying  rock  can  be  actually  seen  is  in  a  small  caiion-like  creek 
running  south,  through  portion  32,  from  the  boundary  of  portion  31.  Here  it 
is  coarsely  pisolitic  bog  ore.  Near  its  head  the  creek  has  exposed  five  feet  of 
ore,  in  which,  judging  from  its  appearance,  manganese  is  in  excess  of  the  other 
constituents.  Iron  and  alumina  gradually  increase  for  a  few  chains  towards  the 
south,  but  about  ten  chains  down  the  manganese  again  predominates.  The 
pisolitic  structure  is  much  more  pronounced  where  the  manganese  is  most 
plentiful,  the  rock  having  a  brecciated  appearance  when  it  is  absent.  Where 
the  creek  passes  out  of  the  pisolite  on  to  the  clay  slates  it  has  cut  down  into  the 
former  to  a  depth  of  20  feet.  A  rough  sample  from  the  whole  length  of  the 
creek  contained  (Government  Analyst) : — 


Iron 

•  •  • 

11.58  per  cent. 

Aluminium    . 

•  •  • 

•5.25 

Manganese   ... 

•  •  • 

7.17        „ 

Boring  would  be  necessary  before  any  exact  or  even  approximate  deter- 
mination of  the  amount  of  ore  present  could  be  made ;  but  taking  the  average 
as  one-third  the  greatest  thickness  (say,  six  feet),  and  the  area  as  15  acres, 
there  will  be,  roughly,  145,000  cubic  yards,  equal  to  360,000  tons  of  ore  in  the 
deposit. 

With  regard  to  the  origin  of  the  above,  there  must  formerly  have  been 
covering  the  area  a  swamp  which  received  part  of  the  drainage  from  the 
Charger  Mountain  ridge  on  the  north.  This  ridge  is  built  up  of  quartzites, 
nlates,  and  jasperoids,  with  evident  traces  of  manganese  ore.  The  iron  and 
manganese  would  be  dissolved  as  carbonates,  and  precipitated  in  the  bog  as 
oxides. 

According  to  its  composition  the  ore  will  be  a  wad  (manganese  dioxide), 
limonite  (hydrated  iron  sesquioxide),  or  beauxite  (hydrated  alumina).  The 
firsts  if  containing  more  than  40  per  cent,  manganeee,  would  be  of  value 
in  steel-making,  the  second  as  an  iron  ore,  and  the  third  for  the  manufacture 
of  aluminium,  alums,  and  as  a  refractory  material  for  furnaces. 
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v.— DARLING  DOWNS  DISTRICT. 
/I -—Iron  Ore  Deposits. 

1.  PITTSWORTH. 
Deposits  in  Basalt  Area, 

Portion  1847,  Rivbrston. 

The  ore  deposits  are  in  the  south-eastern  comer  of  the  portion,  three  miles 
north-east  of  the  Pittsworth  Railway  Station.     (See  Locality  Plan  27.) 

The  outcrops,  consisting  of  scattered  blocks  of  variously  hydrated  oxide  of 
iron,  occur  on  the  creets  and  slopes  of  low  basaltic  ridgea.  Only  two  or  three 
potholes  have  been  opened  on  the  deposits,  and,  owing  to  Uieir  dilapidated 
condition,  little  can  now  be  learnt  from  them. 

(a)  The  first  "  blow"  is  on  the  southern  side  of  the  portion,  about  ten  chains 
from  the  western  boundary.  It  consists  chiefly  of  boulders  of  massive  brown 
limonite  (Fe203.1^H90 — ^hydrated  oxide  of  iron),  sometimes  lowing  a  struc- 
ture resembling  that  of  decomposing  basalt^  with  a  little  yellow  gothite 
(Fe203.H20).  Tlie  area  covered  is  about  a  chain  in  diameter,  and  assuming  a 
thickness  of  one  foot,  it  contains  less  than  100  tons  of  ore.  Pebbles  of  ore  also 
occur  scattered  over  tlie  surface  for  several  chains  to  the  west.  The  deposit  is 
surrounded  by  basalt,  and  probably  rests  on  the  same  rook. 

(b)  The  next  outcrop  is  five  chains  to  the  east.  It  is  only  five  yards  in 
diameter,  and  consists  in  greater  part  of  decomposed  basalt.  Unweathered 
basalt  lies  all  round  it. 

(c)  The  third  outcrop  is  20  chains  from  the  western  boundary.  It  is  five 
chains  in  length  in  a  north  and  south  direction,  and  its  width  increases  from  a 
quarter  of  a  chain  at  the  hilltop  on  the  south  to  five  chains  on  the  slope  to  the 
north,  the  total  difference  in  elevation  being  about  50  feet. 

The  ore  consists  chiefiy  of  iight-brown  gothite,  with  a  smaller  amount  of 
dark-brown  limonite  and  reddish-'brown  turgite  (Fe203.J^H20),  the  conchoidaliy 
weathering  limonite  occurring  chiefly  towards  the  western  side  of  the  outcrop, 
and  abutting  directly  against  undecomposed  basalt. 

Near  the  hilltop  a  shaft  was  sunk  to  a  depth  of  13  feet,  but  it  is  now 
filled  in  below  eight  feet.  It  proves  that  the  iron  ore  at  that  point  forms  a 
capping  from  one  to  three  feet  thick,  and  that  it  decreases  in  quality  with 
distance  from  the  surface.  Below  the  iron  ore  is  soapy  kaolin  (decomposed 
basalt  or  volcanic  mud  ?)  variously  stained  with  iron  oxides. 

The  spur  running  north-east  from  the  pothole  is  capped  for  five  chains  with 
turgite  and  limonite  (one  to  three  feet  thick,  in  a  trench  near  the  centre),  and 
in  the  lower  portion  the  ore  spreads  out  over  a  width  of  four  chains.  The 
thickness  may  in  places  be  ten  or  20  feet,  but  it  is  more  probably  generally 
less  than  three  feet.  The  solid,  reddish,  earthy  ore  along  the  ridgetop  gradually 
becomes  more  and  more  hydrated  down  the  flanks. 
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Taking  the  average  thickness  as  two  feet  (no  more  than  which  has  been 
proTed),  the  amount  of  ore  present  is  about  10,000  tons,  and  the  general 
ample  from  the  whole  of  the  outcrop  yields  (Government  Analyst) : — 

Iron  ...         ...  49.9     percent. 

Titanium       ...         ...  Nil 

8ilica  and  insoluble...  10.1  „ 

Phosphorus   ...  ...  0.34         „ 

Sulphur         ...         ...  trace 

The  basalt  above  and  to  the  south-west  of  the  pothole  seems  to  be 
columnar,  and  occurs  in  small  ridges,  which  have  a  striking  resemblance  to 
lava  flows.     Small  pieces  of  magnetite  are  found  scattered  over  this  country. 

(d)  A  fourth  outcrop  lies  across  the  gully  to  the  north-north-west  of  the  above. 
A  pothole  opened  ten  chains  north  of  the  south-eastern  comer  of  16v  is  three 
feet  deep,  and  still  in  solid  limonite.  Tlie  ore  is  less  pure  than  that  to  the 
.Houth;  it  contains  a  larger  amount  of  both  water  and  clay,  and,  besides,  the 
outcrop  is  not  so  well  defined.  North  of  the  pothole  scattered  pebbles  are 
found  for  a  quarter  of  a  mile. 

(e)  Solid  earthy  mammilated  and  concretionary  turgite  and  limonite  outcrop 
ou  the  boundary  of  1847  and  16v,  three  chains  east  of  the  road  on  the  western 
side  of  the  portions,  with  basalt  on  both  sides  and  above  or  to  the  south.  The 
outcrop  is  between  three  and  four  chains  long,  and  is  one  and  a-half  chains 
wide.  Assuming  a  thickness  of  one  foot,  the  amoimt  of  ore  present  may  be 
taken  as  3,000  tons. 

Portion  2110,  Rollbston. 

Lumps  and  pebbles  of  earthy  turgite  and  limonite  occur  in  a  belt  of  red 
soil,  which  crosses  portion  2110,  RoUeston,  and  the  Pittsworth  Railway  Line,  a 
few  chains  west  of  Green  Hills  Railway  Station.  It  is  said  that  solid  ore  can 
be  reached  at  a  depth  of  two  feet  anywhere  on  the  ridge.  At  one  place  on  the 
road,  a  quarter  of  a  mile  from  the  railway  line,  blocks  of  ore  lie  scattered  over 
an  area  five  chains  across.  A  large  specimen  of  the  ore  was  obtained,  and  is  now 
on  exhibition  in  the  Creological  Survey  Museum. 

Portion  2188,  Rollbston. 

On  portion  2188,  ten  chains  to  the  south-west  of  portion  2514,  and  one  mile 
south-south-east  of  the  Green  Hills  Railway  Station,  is  another  outcrop,  five 
chains  in  diameter,  with  a  narrow  tongue  running  south  for  several  chains.  Large 
blocks  of  ore — gothite,  limonite,  and  turgite  (in  small  amount) — lie  partly  buried 
in  the  red  soil.  The  limonite  is  the  hardest^  and  the  others  seem  to  have  been 
derived  from  it.  Its  fracture  is  often  conchoidal,  and  its  appearance  is  sometimes 
almost  glassy,  but  the  softer  parts  are  minutely  honeycombed.  On  the  whole 
the  ore  here  seems  to  be  less  altered  than  on  portion  1847. 

No  data  can  be  obtained  as  to  the  thickness  of  the  deposit,  but  the  amount 
of  ore  may  be  taken  as  1,000  tons  for  each  foot  in  depth.  The  sample  from  the 
whole  surface  contains  (Government  Analyst) : — 

Iron  ...         ...  52.3  per  cent. 

Titanium       ...         ...  Nil. 

Silica  and  insoluble...  8.9         „ 

Phosphorus  ...         ...  0.2         „ 

Sulphur         ...         ...  trace 

Undecomposed  basalt  outcrops  on  the  north  and  north-east,  and  kaolinised 
basalt  forms  dark  soil  on  the  other  side  of  the  deposit. 
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Origin  of  the  Ores, 

Mr.  Jaquet,  m  his  memoir  on  the  iran  ores  of  New  South  Wales,*  refers 
to  ore  similar  to  the  above,  but  lightrbrown  in  colour  and  vesicular  in  texture, 
as  ^*  basaltic  iron  ore.''  He  believes  that  they  have  been  derived  by  weathering 
from  basalt,  and  gives  the  following  analyses : — 

LiMONiTK.  Basalt. 

FegOn       •••        43.16  perceot.  (metallic iron «S0.21  percent.)    3^86  percent. 
SiO,  ...        3a04        „  ..  ...  41.15 

The  ore — always  low  in  iron,  and  high  in  silica  and  other  impurities— 
invariably  rests  on  basalt,  generally  in  swampy  places,  and  forms  a  crust  from 
a  few  inches  to  several  feet  thick,  sometimes  over  several  acres.  Beneath  the 
ore  lie  variously-coloured  clays  with  scattered  lumps  of  ore. 

The  undecomposed  state  of  the  basalt  surrounding  the  Pittsworth  irou 
ores,  and  the  fact  that  the  deposits  are  sometimes  on  lidgetops,  are  rather 
against  the  application  of  the  theory  here.  The  evidence  on  the  field  certainly 
pointed  to  the  ore  having  been  derived  from  a  volcanic  rock,  but  more  probably 
a  volcanic  mud  than  a  lava,  tlows  of  the  former  having  quite  possibly  taken 
place  at  the  end  of  the  volcanic  period. 

Deposits  in  Coal  Measures. 

Beds  of  clay  ironstone  (impure  carbonate  and  hydrated  oxide  of  iron)  occur 
'  in  the  coal  measures  west  and  south-west  of  Pittsworth. 

An  outcrop  can  be  seen  on  the  main  Yandilla  road  (between  portions  iOM 
and  3786,  North  Branch),  three  miles  west-south-west  of  the  railway  terminus. 
The  bed  is  about  12  inches  thick,  dips  apparently  70  degrees  to  the  west-north- 
west, and  is  included  in  calcareous  sandstone. 

Similar  calcareous  sandstone  and  clay  ironstone,  together  with  wood 
petrified  by  turgite  and  ealcite,  ocurs  on  the  branch  road  leading  up  to  Scrubby 
Mountain,  five  and  a-half  miles  south-south-west  of  the  railway  terminus,  but 
there  is  no  actual  solid  outcrop. 

These  deposits  nmy  not  be  of  any  acooimt  in  themselves,  but  they  are  most 
important  in  showing  the  existence  of  clay  iron  ore  in  the  coal  measures. 
Coal  seams  have  been  proved  in  numerous  wells  in  various  parts  of  the  district, 
and  it  may  prove  possible  in  the  futm'e  to  work  the  coal  and  iron  ore  at  the 
same  time.  It  will  thus  be  necessary,  when  boring  operations  for  coal  are 
undertaken,  to  keep  an  account  of  all  iron  ores  passed  through,  and  the  hope 
may  be  entertained  that  much  more  important  beds  than  those  now  known 
will  be  found. 

Limestone  flux  seems  to  be  the  only  thing  wanting  in  the  district  for  the 
reduction  of  the  ore,  and  this  will  have  to  be  procured,  even  though  a  certain 
proportion  of  the  ore  proves  to  be  self -fluxing. 

Conclusion. 

Freight. — Pittsworth  is  137  miles  distant  by  rail  from  Brisbane,  the 
nearest  seaport.  It  is  doubtful  whether  any  ore  for  iron  making  could  be 
profitably  sent  such  a  distance  with  our  present  freights  (lis.  8d.  per  ton);  but 
there  is  no  doubt  that  ore  of  the  quality  found  at  Pittsworth  could  not  bear 
the  expense.  Therefore,  the  only  alternative  would  be  to  smelt  the  ore  in  the 
locality,  and  for  this  both  fuel  and  flux  are  required. 

♦  "Iron  Ores  of  New  South  Walee."  By  J.  B.  Jaquet,  A.R.S.M.,  F.G.S.,  Geological 
Surveyor.    Sydney :  By  Auth.,  1901. 
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Flux. — The  nearest  limeetone  on  the  railway  is  at  Silverwood^  73  miles 
distant,  and  the  freight  would  thus  be  a  very  heavy  item. 

Fuel. — ^There  would  probably  be  no  difficulty  in  obtaining  supplies  of 
coking  coal  by  sinking  even  in  the  immediate  vicinity  of  the  ore  deposits,  as 
thin  seams  of  coal  have  been  proved  in  several  wells  within  a  few  miles  distance, 
and  the  coal  measures  are  known,  to  pass  under  the  basalt.  I  have  not  seen 
any  of  the  seuns,  but  specimens  of  highly  gaseous  coal  were  obtained  from  the 
muUook  tip  of  the  Government  well,  four  miles  south-west  of  the  Pittswortii 
terminus.  Tliis  coked  only  very  slightly,  but  that  may  be  due  to  long  exposure. 
Several  seams,  one  three  feet  thick,  within  a  depth  of  160  feet»  are  reported 
to  have  been  cut  in  the  Divisional  Board  well  at  St.  Helens,  eight  miles  west  of 
Ptttsworth,  and  another  three^eet  seam  is  said  to  have  been  struck  at  40  feet 
depth  in  a  well  two  miles  west  of  the  ore  deposits.  The  beds  are  of  the  same 
age,  and  similar  in  character  to  those  at  Ipswich.  It  may,  therefore,  be  taken 
that  if  sufficient  ore  could  be  found  the  fuel  to  smelt  it  would  not  be  wanting. 

Unfortunately,  there  seems  to  be  no  probability  of  the  deposits  in  the 
basalt  area  extending  for  more  than  a  few  feet  below  the  aurtaoe,  and  it  is  thus 
evident  that  only  a  few  thousand  tons  of  medium  quality  ore  high  in  phosphorus 
can  be  depended  on.  The  only  likelihood,  therefore^  of  the  deposits  ever  being 
worked  is  in  the  event  of  tihe  clay  iron  ores  of  the  coal  measures  proving  extensive. 
Then,  should  ironworks  be  estaUished  locally,  all  available  ores  wiU  receive 
attention. 

The  Pittsworth  ores,  owing  to  their  softness,  vivid  colouring,  and  compara- 
tive purity,  shoidd  be  of  some  use  for  the  manufactiire  of  pigments. 

For  the  present  the  clay  iron  ores  are  not  likely  to  be  worked,  because 
large  quantities  of  far  purer  ore  are  found  in  much  mors  convenient  positions, 
but  there  is  no  doubt  that  at  some  time  in  the  future  they  will  be  exploited. 

2.  WARWICK. 

Only  brief  reference  is  here  necessary  to  the  occurrence  of  very  similar 
Hinonite  with  laterite  on  Mount  Sturt,  iit  the  Warwick  district.  The  amount 
8een  was  inconsiderable,  but  no  Hpecial  search  has  yet  been  made  there  for  the 
ore.  The  more  ferruginous  parts  of  the  laterite  here  would  probably  be  of 
value  for  the  manufacture  of  pigments,  the  rock  being  soft,  as  a  nile,  vividly 
coloured,  and  in  large  quantities,  within  a  few  miles  of  the  railway  line. 

3.  TEXAS. 

Reference  to  the  occurrence  of  small  bodies  of  limonite  and  magnetite  with 
limestones  will  be  found  under  the  description  of  the  Silver  Spur  Mine,  in  a 
separate  report.* 

B—Llmestonest 

1.  8ILVERW00D. 

• 

Reference  has  already  been  made  to  the  limestones  near  the  Southern 
Railway  Line,  at  Silverwood,  nine  miles  south  of  Warwick.  The  deposits  have 
not  been  inspected,  but  they  are  believed  to  be  now  being  quarried,  and  the 
limestone  is  known  to  be  of  good  quality. 

*  Notes  on  Tin,  Copner,  and  Silver  Mining  in  the  Stanthorpe  District.  By  L.C.B.  Bris. : 
By  Auth.,  1904.    G.S.Q.P.,  No.  191. 
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C— Manganese  Ore  Depos/ts* 

1.  WARWICK. 

(a)  Parish  of  RosBirrHAL. 

On  portions  95y,  96v,  and  3y,  Rosenthal,  six  miles  south-west  of  Warwick, 
are  three  lines  of  manganese  outcrops,  fiye  chains  apart  The  countiy  rock  is 
slate  and  quartzite,  which  have  been  intruded  within  a  few  chains  to  the  west  hj 
granite,  and  which  a  similar  distance  to  the  east  are  overlaid  bj  sandstones  and 
conglomerates,  of  Ipswich  age. 

The  main  outcrops  are  on  portion  95?,  and  really  consist  of  little  more 
than  slates  and  quartzites,  stained  and  impregnated  bj  psilomelane  (dioxide) 
and  rhodonite  (silicate),  though  there  is  some  reason  for  believing  them  to  be 
on  lines  of  fracture^  The  western  deposit  is  two  feet  wide;  the  central  is  one 
foot  wide  on  surface,  but  increases  in  quality  and  width  with  depth.  The 
eastern  at  northernmost  outcrop  is  eight  feet  wide,  but  consists  in  greater  part 
only  of  partly  replaced  slate. 

The  deposits  might  receive  attention  were  steel-works  to  be  erected  in  the 
district,  but  there  seems  very  little  probability  otherwise. 

(b)  BlouNT  Gammih. 

The  deposit  on  this  mountain,  which  lies  22  miles  west  by  north  of  Warwick, 
as  thus  far  opened  up,  has  proved  insignificant  Iti  is  mentioned  because  of  the 
probability  of  an  improvement  taking  place  in  depth,  and  a  descripticm  will  be 
found  in  a  preyious  report* 

*  Some  MuigMieM  Deponto  in  the  Gin  Gin,  Degilbo,  and  Warwick  DiBtricto.  By  I«.C.B. 
Bria. :  By  Aath.,  1904.    G.S.Q.P.,  No.  189. 

4th  May,  1904. 


By  Authority :  Gbosgb  Asthvb  YAueHAK,  GbrernmeBt  Printer,  Brisbane. 
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MOONMERA:  ITS  MINERALS  AND  COPPER 
MINES,  AND  A  STUDY  OF  ITS  ROCK 
FORMATIONS. 


INTRODUCTION. 

A  PBW  years  ago  a  great  deal  of  interest  was  taken  in  a  discovery  of 
copper-bearing  rocks  in  the  country  immediately  to  the  west  of 
Moonmera,  a  station  on  the  Mount  Morgan-Rockhampton  Railway, 
and  since  then  prospecting  developments  have  been  in  progress  to 
determine  their  extent,  character,  and  richness.  This  work  has  beev 
carried  on  continuously  and  methodically,  and,  as  well  a£  outcrops  of 
ore  on  the  surface  being  exposed,  other  masses  have  been  discovered 
whose  existence  was  not  previously  suspected. 

It  was  with  the  view  of  examining  these  copper  deposits  and  their 
associated  rocks,  and  also  the  Coal  Measures  overlying  them  on  the 
higher  country  in  the  neighbourhood,  that  the  recent  geological  survey 
was  undertaken. 

Mooniiiera  is  situated  about  four  miles  north  from  Mount 
Morgan,  and  about  nine  miles  south  from  Kabra,  the  station  from 
which  the  railway  line  branches  off  to  Moonmera  and  Mount  Morgan. 
Along  the  railway  Moonmera  is  20  miles  from  Rockhampton,  but  in  a 
direct  line,  in  a  south-south-west  direction,  the  distance  is  about  15 
miles. 

The  country  to  the  west  and  south-west  of  Moonmera  is 
mountainous,  and  is  a  portion  of  the  range  which,  to  the  north,  begins 
near  the  Fitzroy  River  at  Taamba,  extends  southerly  to  Westwood,  then 
irregularly  to  Mount  Victoria,  Mount  Morgan,  Moonmera,  Moongan 
{where  it  is  called  the  Razorback  Range),  and  Mount  Usher,  and  again 
southerly  to  the  mountains  at  the  head  of  Raglan  Creek  and  Calliope 
River  to  the  west  of  Gladstone. 

The  watercourses  which  rise  at  the  Razorback  Range  take  three 
principal  directions.  Four-Mile  Creek,  with  other  small  rivulets  to 
the  east  of  Moonmera  Range — ^a  northerly  spur  of  the  Razorback  Range 
at  Moonmera — ^trends  north-easterly  and  joins  the  Fitzroy  River  near 
Rockhampton,  while  Daisy  Creek  with  its  branches  trends  southerly 
and  joins  tlie  Dee  River  to  the  east  of  Mount  Morgan.  Tlie  water- 
courses, westerly  from  Moonmera  Range  and  north  of  the  Razorback, 
run  northerly  and  north-westerly  to  join  different  branches  of  Neericol 
Creek,  which,  like  the  creeks  on  the  east  side  of  Moonmera  Range, 
finds  its  way  to  the  Fitzroy  River  in  the  vicinity  of  Rockhampton. 


The  topographioal  features  around  Moonmera  are  of  a  pronounced 
character,  Moonmera  Station  being  about  600  feet  above  sea-leyel, 
while  Middle  Peak,  to  the  north-west  on  Moonmera  Range,  is  1,300 
feet  above  sea-level,  between  the  two  places  there  being  a  rise  of  700 
feet  in  a  distance  of  about  a  mile.  South  from  Moonmera  the  rack- 
section  of  the  railway  to  Mount  Morgan  rises  a  litUe  less  than  300  feet 
in  about  a  mile,  and  in  the  gorges  at  the  head  of  the  Four-Mile  Creek 
some  of  the  surrounding  ridges  rise  up  to  500  feet  in  height  in  a 
distance  less  than  half  a  mile. 

The  Moonmera  Range  is  capped  by  rocks  having  a  westerly 
inclination,  and  this,  with  other  features,  has  produced  rather  steeply- 
inclined  slopes  on  the  western  side,  while  the  almost  vertical  joints  in 
the  same  rocks  have  been  the  principal  cause  in  the  formation  of  the 
cliffs  and  the  very  steep  slopes  on  the  eastern  side. 

GEOLOGICAL  FEATl'llES. 

The  rock  formations  of  the  country  around  Moonmera  have  not 
been  examined  in  detail,  but  their  general  features  have  been  observed, 
and  a  brief  description  will  assist  in  comprehending  the  character  of 
those  in  the  immediate  vicinitv  of  Moomnera. 

Granite  and  syenite  occur  in  a  large  number  of  places  between 
Moonmera  and  Table  Mountain,  in  the  direction  of  Kabra,  and  the 
formations  here  are  composed  exclusively  of  these  rocks.  Close  to 
Mount  Morgan  a  large  area  of  the  same  rocks  are  exposed,  and  are 
probably  connected  with  those  at  Moonmera  beneath  the  younger  rocks 
of  the  Razorback  Range. 

Another  series  of  rocks,  varying  in  age,  hut  closely  associated 
with  one  another,  and  presenting  many  interesting  features  in  their 
mode  of  occurrence,  are  the  diorites,  felsites,  and  younger  granites  of 
the  Razorback.  When  these  rocks  were  being  fonned,  those  which 
contain  the  deposit  of  copper  were  probably  brought  into  existence, 
although  the  evidence  obtained  from  their  examination  tends  to  show 
that  the  copper-bearing  minerals  themselves  were  formed  at  a  much 
later  period. 

At  Moomnera  there  L<4  a  marked  distinction  between  tlie  granite, 
syenite,  aiorite,  and  felsite  formations,  as  a  whole,  and  the  formations 
resting  on  them,  the  latter  being  stratified  deposits  of  shales,  sand- 
stones, and  tuffs  of  Mesozoic  Age.  A  conspicuous  geological  feature  to 
the  west  of  Mount  Morgan  is  the  Marine  strata  belonging  to  the  Permo- 
Carboniferous  formation,  and  whilst  there  are  no  means  of  telling 
whether  these  old  marine  beds  once  existed  around  Moonmera,  there  is 
no  doubt  that  a  slow  elevation  of  the  Moonmera  Range  has  taken 
place  in  past  times.  Prior  to  this  elevation  the  beds  might  have 
extended  much  further  east  than  where  they  ai*e  now  found,  and 
then  to  have  been  worn  away  before  the  more  recent  deposits  now 
resting  on  the  top  of  Moonmera  Range  came  into  existence. 
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The  beds  capping  Moonmera  Range  are  Lower  Mesozoic  Coal 
Measures,  and  are  the  edge,  or  portions  of  the  edge,  of  the  basin 
containing  the  Staaiwell  Beds,  more  fully  develoi^ed  to  the  nortJi-we^^t 
of  Moonmera. 

,  There  are  no  well-defined  formations  in  the  district  later  than  the 
Coal  Measures,  although  "Desert  Sandstone"  was  supposed  to  occur 
on  some  of  the  ranges;  but  at  Moonmera  the  discovery  was  made  of 
fossils  which  indicates  the  beds  to  be  of  the  same  a^re  as  the  Stanwell 
Coal  Measures. 

During  recent  times  no  accumulation  of  rock-forming  material 
in  the  neighbourhood  of  Moonmera  has  taken  place,  the  work  of  nature 
consisting  in  breaking  down  the  Coal  Measures  and  older  rocks,  and 
carrying  the  debris  &Y,&y  to  form  deposits  elsewhere. 

Gr.y>'itic  Rocks. 

The  main  mass  of  granitic  rocks  is  exposed  to  the  north  of 
Moonmera,  while  the  smaller  outcrops,  which  are  of  more  recent  age, 
occur  at  a  higher  altitude  near  the  ranges  to  the  south.  In  the  railway 
cuttings,  close  to  Moonmera,  the  granites  and  syenites  are  too  much 
weathered  for  definite  determination,  but  about  a  mile  north-west  from 
the  station  undecomposed  granite  is  exposed  on  the  spurs  of  Moon- 
mera Range,  and  also  in  some  of  the  shafts  and  tunnels  in  the  copper 
mines. 

The  older  granite  is  usually  found  to  be  medium-grained,  but  in 
some  localities,  more  particularly  near  the  head  of  Deep  Creek  at  the 
base  of  Moonmera  Range,  it  is  of  a  coarse  texture.  The  prevailing 
mica  is  biotite  in  the  unweathered  rock,  but  where  exposed  and  decom- 
posed muscovite  predominates. 

The  granites  of  younger  age  are  splendidly  shown  to  the  south  of 
the  station  in  the  railway  cuttings,  where  they  penetrate  masses  of 
syenite  and  felsites,  and  dykes  of  diorite.  They  may  be  divided  into 
two  series  by  their  mode  of  occurrence,  the  later  formed  being  con- 
spicuous by  their  disturbance  of  the  earlier  series. 

Sketches  of  portions  of  the  railway  sections  are  shown  on  a 
number  of  plates  accompanying  this  report.  Plate  8  illustrates  a 
section  on  the  railway  line  marked  "  Cutting  A"  (See  Map  1),  where  a 
vein  of  granite  and  aplite  dislocates  diorite  and  felsite  masses.  Plate  9 
shows,  on  a  larger  scale,  a  portion  of  the  same  section  where  the 
granite  is  surrounded  by  a  felsite,  and  also  shows  the  selvage  of  felsite 
silicified  where  the  contact  takes  place  between  this  rock  and  the  more 
recent  granite.  The  aplite  is  not  confined  to  any  particular  part  of 
the  mass  although  it  predominates  in  the  narrow  portion  of  the  vein. 

Plate  10  (a),  taken  fr6m  "  Cutting  B,''  shows  a  small  vein  of  (c) 
aplite  a  few  inches  thick  in  its  widest  part,  filling  the  fault  and 
dislocating  a  dyke  of  diorite.  The  vein  tapers  away  at  either  end  within 
a  distance  of  a  few  feet.  Plate  1 1  represents  a  section  in  "  Cutting  B,'* 
where  a  (6)  granite  older  than  that  shown  on  Plates  8  and  9  penetrates 
diorite,  and  is,  itself,  disturbed  by  a  more  recent  (c)  aplite  vein. 
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Plate  12,  a  section  taken  from  railway  cutting  (C),  illustrates  a 
system  of  veins  of  one  granite  traversing  a  mass  of  another,  the  veins 
probably  being  the  equivalent  of  the  large  mass  of  granite  shown  on 
Plate  11,  while  the  massive  rock  would  be  the  equivalent  of  the  oldest 
(a)  granite.  The  section  is  a  very  interesting  one,  and,  with  others  in 
the  same  locality,  would  bear  considerably  more  attention  from  a 
petrological  point  of  view  than  can  at  present  be  bestowed  on  them. 

On  Plat«  10  (h)^  a  section  from  *'  Cutting  B"  represents  ^a^  syenite 
as  the  main  rock  mass,  with  (h)  granite  traversing  it  as  veins  a  few 
inches  thick.  With  the  granite  occurs  a  pegmatite,  having  vermiculite 
conspicuous  as  the  mica  constituteut.  This  mineral  is  found  in  all 
the  granite  and  pegmatite  veins. 

Plate  13(a)  represents  a  section  from  a  small  cutting  between 
"  E "  and  **  F,"  and  shows  a  vein  of  coarse  (h)  granite  in  a  partly 
kaolinized  syenite.  The  syenite  contains  small  nodular  secretions  of  a 
fine-grained  rock  of  apparently  the  same  constituents  as  itself,  but 
containing  a  greater  percentage  of  the  more  basic  minerals. 

Plate  13  (6),  taken  from  "Cutting  F,"  shows  two  veins  of  (6)  and  (c) 
granite — marked  Gr.  2  and  Gr.  3  respectively — in  a  dyke  of  diorite. 
The  diorite  has  been  dislocated  by  the  first  (&)  granite,  and  these 
together — the  granite  and  the  diorite — ^have  been  disturbed  by  ih^ 
{c)  granite  along  the  line  of  fault.  The  (6)  granite  is  a  biotite  granite, 
while  the  other  (r)  is  a  coarse  vermiculite  granite.  {See  description  of 
Plate  13  h,) 

Plate  H  illustrates  a  part  of  the  '*  Cutting  F."  The  {c)  vermiculite 
granite  here  forms  irregular  veins  in  the  diorite,  and  also  traverses 
masses  of  felsite,  apparently  enveloped  by  the  diorite.  Plate  15  (5), 
from  '*  Cutting  G,"  shows  a  full-size  sketch  of  a  vein  of  (b)  or  {c)  granite 
in  a  dyke  of  diorite.  The  vertical  portion  is  a  biotite  granite,  while  the 
rock  in  the  branch  vein  graduates  into  an  aplite  near  the  walls,  witk 
a  vermiculite  pegmatite  in  the  centre. 

Plate  16,  '*  Cutting  G,"  represents  a  rather  complicated  structure, 
the  (h)  or  (c)  granite  being  the  youngest  rock  in  the  section.  This 
granite  is  of  later  formation  than  the  friction  breccia  shown  in  the 
section,  a  feature  of  some  importance  in  view  of  a  large  copper-bearing 
breccia  deposit  of  similar  appearance  being  associated  with  felsites, 
quartz  felsites,  and  the  older  granite  in  the  Moonmera  Copper  Mines. 

Plate  17  (6),  from  *'  Cutting  G,"  shows  a  (h)  granite  vertically 
penetrating  the  diorite,  both  of  these  rocks  being  subsequently  disturbad 
by  veins  consisting  of  (c)  pegmatite  and  (c)  aplite.  Both  the  (6)  and 
(c)  series  contain  vermiculite.  Plate  17  (6),  from  **  Cutting  G,"  diows 
a  (c)  aplite  vein  crossing  diorite  and  felsite.  The  vein  is  wide  in  the 
diorite,  and  tapers  away  in  the  felsite  without  having  even  a  joint  as  a 
continuation  of  the  vein. 

Plate  18,  representing  a  section  in  '^  Cutting  G,"  shows  (c)  aplite 
in  an  irregular  vein,  but,  being  of  later  formation  than  the  diorite,  the 
fault  shown  at  the  bottom  of  the  sketch  must  have  been  formed  prior 


11 

to  the  infilling  of  the  fissure,  and  from  which  it  may  be  concluded  that 
an  open  fissure  existed  in  the  diorite,  and  subsequently  was  filled  to 
form  a  vein  of  aplite. 

At  the  Moonmera  Copper  Mines  the  granite  occurs  in  numerous 
localities.  The  section  on  Plate  1,  across  the  Moonmera  Range,  along 
the  line  A,  B,  C,  D,  on  Map  2,  shows  a  granite  at  the  base  of  the  Coal 
Measure  conglomerates  in  the  watercourse  trending  westerly  from  the 
Range.  Plate  3  shows  a  section  across  the  granite  and  felsite  at  No.  4 
Tunnel ;  Plate  4,  a  section  across  the  granite  and  other  rocks  at  No.  7 
Tunnel;  and  Plate  5,  a  section  at  No.  2  Shaft,  where  granitic  and 
felsitic  rocks  occur  in  a  breccia  formation  containing  copper.  The 
aplite  is  generally  found  to  occur  in  both  tlie  granular  and  micro- 
pegmatite  form,  some  of  the  latter  in  microscopic  sections  showing  a 
beautifully-marked  graphic  structiure. 

Felsitbs. 
The  origin  of  the  numerous  felsitic  masses  exposed  on  the  sides  of 
the  mountains  at  Moonmera  is  rather  obscure,  and  no  data  have  been 
obtained  showing,  beyond  doubt,  what  their  relations  are  to  the  granite 
with  which  they  come  in  contact.  Apparently  some  of  the  felsite 
masses  are  immense  inclusions  in  the  granite,  as  undoubtedly  others  of 
them  are  in  the  diorite.  None  of  the  railway  sections  show  the  two 
rocks  in  contact,  and  the  surface  outcrops  observed  in  other  places  have 
not  resulted  in  any  satisfactory  conclusion  being  arrived  at. 

To  the  west  and  south-west  of  Moonmera  Station  the  felsite 
inclusions  form  prominences  on  the  ridges,  and  are  easily  recognised 
from  the  decomposed  granite  and  syenite  in  which  tJiey  occur.  In 
shape  they  are  usually  lenticular,  and  frequently  extend  to  over  100 
feet  in  length,  although  the  inclusions  in  the  diorite  are  often  very 
small.    (See  Plate  U.) 

In  both  the  diorite  and  tlie  granite  the  inclusions  have  tlie  same 
"orientation,"  being  persistently  northerly,  but  with  an  inclination 
from  the  horizontal  varying  up  to  perliaps  45°.  All  tlieir  peculiaritiet?, 
especially  in  their  relations  to  the  diorite,  point  to  their  being  included 
in  rock  njasses  once  subjected  to  a  flowing  movements 

In  the  railway  cuttings  to  the  south  of  Moonmera  the  relation  of 
the  felsites  to  the  diorites  is  clearly  defined,  and  numerous  sections 
show  the  felsites  to  be  older  than  the  diorite.  On  Plate  8,  the 
alternating  bands  of  felsite  and  diorite  do  not  positively  prove  the 
diorite  to  be  of  later  formation  than  the  felsite,  but  in  the  sections 
represented  on  Plates  10  (a),  14,  and  15  (a)  the  evidence  is 
unmistakable. 

The  felsites  are  intimately  associated  with  the  copper-bearing 
rocks,  as  shown  in  some  of  the  workings  of  the  Moonmera  mines. 
Plates  1  and  2  represent  what  appears  to  be  a  "horse"  of  felsite 
included  in  a  breccia,  although  this  might  be  connected  with  the  large 
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mass  of  felsitic  rocks  bHowu  in  another  part  of  the  same  section,  a  plan 
of  which  is  given  on  Map  2.  Plates  3,  4,  5,  and  6  also  show  felsite  in 
contact  with  granite,  but  the  I'elation  of  these  rocks  to  one  another  has 
not  been  made  clear. 

A  microscopic  slice  of  the  felsite  from  railway  cutting  (G)  shown 
in  section  on  Plate  \ba,  reveals  phenocrysts  of  quartz  with  traces 
of  biotite,  some  magnetite  in  the  form  of  dust,  and  a  greenish 
chloritic  substance.  Another  rock  slide  from  the  felsite  in  cutting  (B) 
shows  blebs  of  quartz,  biotite  mica  in  traces,  grains  of  magnetite,  and 
needles  of  apatite  disseminated  throughout  the  section. 

DiORITE. 

Without  being  able  to  bring  any  decided  evidence  to  bear  on  the 
matter,  the  opinion  is  expressed  that  the  older  granites  and  syenites 
underlie  the  diorite.  The  ascent  of  the  Razorback  Range,  vid  the 
rack-section  of  the  railway  between  Moonmera  and  Moongan  Stations, 
indicates  that  the  granitic  rocks  are  below  the  diorite  in  some  of  the 
cuttings,  and  it  is  only  as  veins  of  a  younger  granite  that  they  are 
represented  on  the  top  of  the  range  in  the  diorite  and  felsite.  The 
railway  cuttings  show  the  relation  of  the  diorites  to  the  other  rocks, 
and  some  of  the  sections  reveal  remarkable  features. 

On  Plate  8  is  represented  a  number  of  dykes  penetrating  the 
felsite.  The  centre  one  is  narrow,  being  about  two  feet  thick,  while 
the  one  on  the  left  of  the  section  is  very  massive  and  irregular. 

Plate  10  (a)  represent^}  a  small  dyke  a  few  inches  thick  in  felsite, 
the  diorite  and  the  felsite  being  subsequently  disturbed  by  a  thrust 
fault,  the  fault  afterwards  being  filled  with  aplite. 

Plate  14  shows  the  inclusion  of  a  felsite  in  a  mass  of  diorite,  and 
Plate  15  (a)  a  diorite  intrusion  along  an  open  fissure  in  the  felsite. 
P^vidently  the  faulting  has  taken  place  at  right  angles  with  the  plane 
of  section,  and  the  upper  portion  (a)  of  the  felsite  has  moved  forward 
(at  an  angle  to  the  plane  of  the  paper)  over  the  lower  portion  (b). 
These  diorite  intrusions  have  taken  place  along  joints  produced  in  the 
felsite  inclusions  in  the  larger  diorite  masses. 

Plate  16  reveals  other  features.  The  felsites  have  been  faulted, 
and  the  fissure  which  formed  has  been  filled  with  brecciated  fragments. 
Subsequently  the  diorite  has  been  intruded  along  the  same  line  of 
weakness,  leaving  the  breccia  as  the  footwall  in  part,  with,  the  felsite 
forming  the  hanging- wall. 

A  slice  from  a  specimen  taken  from  the  railway  cutting  (G)  on 
top  of  the  range,  under  the  microscope  showed  the  rock  to  be  fine- 
grained, to  contain  hornblende  decomposed  in  part  and  stained  with 
chloritic  matter,  and  a  plagioclase  felspar  much  kaolinized.  Another 
slice  from  the  same  place  indicated  the  rock  to  be  finer-grained,  to 
contain  idiomorphic  plagioclase  crystals  much  kaolinized,  and  more  or 
less  altered  hornblende  scattered  through  it. 
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Breccia. 

The  breccia  fonnation  is  made  up  of  fragments  of  granite,  syenite, 
felsite,  and  other  rocks,  and  is  one  of  the  principal  copper-bearing 
deposits  at  the  Moonmera  Mines.  Its  greatest  development  is  about  a 
mile  north-west  of  the  railway  station,  and  where  exposed  high  upon 
the  side  of  the  mountains  is  very  much  altered  and  decomposed,  and 
more  or  less  calcareous,  while  low  down  in  the  ravines  it  is  compara- 
tively fresh,  hard,  compact,  and  siliceous. 

It  has  an  observed  thickneKs  or  depth  of  about  »500  feet,  rests  on 
granite  in  a  depression  evidently  formed  by  surface  denudation,  and  is 
covered  by  the  sandstones  forming  the  top  of  the  ranges. 

Where  the  sandstones  further  west  have  been  weathered  down 
and  the  older  rocks  below  exposed,  the  breccia  has  not  been  found — 
granite  occurring  instead — from  which  it  might  be  assumed,  when 
taken  in  conjunction  with  other  features  bearing  on  the  matter,  that 
the  breccia  formation  is  deepest  where  it  is  covered  by  the  sandstones 
at  about  Middle  Peak,  and  that  from  this  position  it  becomes  shallower 
in  all  directions.  Resting  on  the  western  outcrop  of  granite  {See  Map 
2  and  Plate  1)  there  is  a  massive  conglomerate,  which  might  have  been 
derived  from  the  deposit  of  breccia.  It  is  composed  of  the  same  con- 
stituents as  the  breccia,  and  is  situated  at  a  lower  altitude  than  the 
upper  portion  of  this  rock  where  exposed  on  the  eastern  side  of  the 
range.  At  the  same  time  the  breccia  and  conglomerate  might  be 
different  portions  of  one  deposit,  the  western  part  of  which  has  been 
formed  into  a  conglomerate  by  the  attrition  of  the  angular  fragments 
in  water. 

Sections  of  the  breccia  are  shown  on  Plates  1  and  2.  Plate  1 
illustrates  the  relation  of  the  breccia  to  the  felsites  and  to  the  sand- 
stones with  which  it  comes  in  contact,  and  is  taken  along  the  line 
A,  B,  C,  D,  on  Map  2.  Plate  2  is  a  part  of  the  same  section  on  a  larger 
Kcale,  and  shows  the  smaller  felsite  portion  apparently  isolated  from 
the  main  mass  further  east.  From  the  inclination  of  the  felsite  forma- 
tion at  No.  8  Tunnel,  where  it  is  in  contact  with  the  breccia,  and  from 
the  apparent  isolation  of  the  felsite  mass  further  up  the  hill,  it  would 
appear  that  a  **  horse  "  of  felsite  has  become  detached  from  a  larger 
mass  and  then  enveloped  in  the  breccia  formation.  (Map  2  shows  a 
plan  of  this  near  the  section  line  E  F). 

Plate  4  shows  a  section  at  the  mouth  of  No.  7  Tunnel,  where  a 
breccia,  consisting  of  fragments  of  quartzite  in  a  matrix  of  felsite,  is 
contained  between  granite  walls,  the  rock  apparently  being  intrusive. 
Breccia  also  occurs  in  No.  6  Tunnel,  where  the  main  formation  seems 
to  have  been  touched  at  a  depth  nearly  300  feet  below  the  uppermost 
portion  of  the  breccia  at  No.  1  Shaft. 
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Regarding  the  origin  of  the  breccia,  there  is  not  much  information 
available  whereon  to  express  an  opinion,  but  if  the  breccia  occurring 
in  one  of  the  railway  cuttings  be  a  guide  (shown  on  Plate  16)  then  the 
large  breccia  formation  has  been  produced  by  the  crushing  of  felsites, 
syenites,  granites,  and  niicrogranites,  and  by  the  consolidation  of  the 
fragments  into  a  compact  mass.  On  the  other  hand,  there  is  a  greater 
probability  of  its  being  produced  as  volcanic  ejectamenta,  as  there  are 
other  localities  not  many  miles  from  Moonmera,  in  the  direction  of 
Westwood,  where  apparently  similar  breccia  formations  occur  as 
volcanic  necks;  a  careful  examination  of  which  might  reveal  further 
information  bearing  on  the  habit  and  origin  of  the  Moonniera  breccia. 


CUPRIFBROUS    SaNDSTONBS. 

The  copper-bearing  sandstones  occur  at  ihe  base  of  the  Mesozoic 
Coal  Measures,  and  for  the  most  part  are  very  irregtilar  and  unstrati- 
fied,  and  distinct  from  the  overljring  formation.  They  have  been 
formed  as  detritus  from  the  granite,  felsite,  and  other  quartz-bearing 
rocks,  on  the  inclined  surfaces  of  which  they  have  been  deposited. 
These  cupriferous  sandstones  are  30  or  40  feet  in  thickness  in  some 
places  north  of  the  breccia  formation,  but  other  parts  of  the  outcrop 
thin  out  into  an  irregular  bed  only  a  few  feet  thick,  with  granite, 
felsite,  or  breccia  below,  and  coal-measure  sandstones  and  tuffs  above. 

The  variation  in  the  thickness  of  the  sandstones  is  accounted  for 
by  the  varying  angles  of  slope  of  the  siu^aces  of  the  rocks  on  which 
they  accumulated ;  and  where  the  sandstones  are  absent,  evidently  the 
slopes  of  the  older  rocks  have  been  too  steep  for  the  dfhrU  to  rest  on. 
In  some  places  where  the  dip  cannot  be  observed,  it  is  difficult  to 
distinguish  the  formation  from  the  Coal-Measure  sandstones  above,  us 
both  partake  of  the  same  general  appearance  where  they  are  in  contact. 
High  up  on  the  sides  of  the  cliffs  to  the  west  of  the  breccia  formation, 
where  No.  1  Shaft  has  been  sunk,  the  cupriferous  sandstones  are 
absent — the  granite  rocks  and  the  Coal-Measure  sandstones  bein^  in 
contact — but  south  from  the  shaft  they  are  present,  and  in  that 
direction  continue  uninterruptedly  for  over  half  a  mile. 

The  sections  on  Plates  1  and  2,  taken  along  the  line  A,  B,  C,  D, 
and  that  on  Plate  6,  on  the  line  E  F  {itee  Map  2),  show  the  relation  of 
the  cupriferous  sandstones  to  the  rocks  above  and  below. 

Regarding  the  origin  of  the  copper  in  the  sandstones,  there  is 
hardly  any  doubt  but  that  the  copper  has  been  derived  from  the 
breccia  and  granitic  rocks,  and  although  the  present  position  of  the 
deposits  of  copper  in  the  latter  is  generally  lower  than  the  sandstones, 
numerous  features  indicate  that  further  east  the  breccia  and  granite 
were  much  higher  at  one  time,  and  that  the  impregnation  of  the 
sandstones  on  their  flanks  by  copper,  leached  out  from  the  older  and 
higher  formations,  would  be  a  simple  matter. 
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Mbbozoic  Coal  Measures. 

Sandstones  and  shales  of  a  more  or  less  ferruginous  character,  fine 
white  thin-bedded  tuffs,  and  a  number  of  small  inferior  coal  seams  a 
few  inches  thick,  constitute  the  Mesozoic  Coal  Measures  resting  on  the 
cupriferous  sandstone  and  breccia  of  the  Moonmera  Range.  The 
Measures  extend  southerly  to  the  Razorback  Range,  and  then  continue 
along  the  top  of  the  ridges  towards  the  west,  occurring  also  in  patohes 
in  the  country  to  the  north-west  in  the  direction  of  Stan  well. 

The  Coal  Measures  do  not  occur  easterly  from  Moonmera,  although 
there  are  indications  to  show  that  at  one  time  they  must  have  extended 
some  distance  in  this  direction.  Their  contact  with  the  formations 
of  breccia,  granite,  felsite,  and  sandstones  on  the  Moonmera  Range 
show  that  their  surfaces  are  rather  steeply  inclined  to  the  west,  and 
at  an  angle  greater  than  that  of  the  measures  above  them  which  dip 
in  the  same  direction.  As  a  thickness  of  300  feet  of  the  breccia  is 
exposed,  its  top  portion  must  have  been  extended  much  further  to  the 
east^  where  it  would  come  in  contact  with  the  older  rocks  once  existing 
there.  The  relation  of  the  sandstones,  <fec.,  to  the  Stanwell  Coal 
Measures  was  a  subject  of  investigation,  more  particularly  as  they  have 
been  regarded  as  a  ''  Desert  Sandstone'*  formation. 

The  coal  seams,  such  as  they  are,  were  considered  to  be  of  a 
higher  horizon  than  the  Stanwell  Coal  Seams,  and  with  them  to  have 
no  connection  in  any  way.  The  present  examination  of  the  country  to 
the  west  of  the  Moonmera  Range,  and  also  of  the  Range  itself,  shows 
that  the  rocks  do  not  in  any  way  differ  from  those  of  the  Stanwell 
Measures.  The  sandstones  and  shales  and  inferior  coal  are  similar 
to  those  at  Stanwell,  and  the  white  tuffs  are  identical  with  those  at 
Stewart^s  Creek  to  the  nortili  of  Stanwell,  and  with  those  at  Wycarbah 
near  Mount  Hay. 

The  palseontological  data  recently  obtained  also  indicate  their 
close  connection,  as  the  fossils  occurring  in  white  tuffs  at  the  head  of 
the  gully  above  No.  6  Tuimel  include  Alethopteris  Australu  and 
Thinnfeldia  indica,  v.  Media,  the  latter  also  beinfi;  found  in  several 
places  in  the  Stanwell  Coal  Measures.  Bivalves  occurring  in 
the  same  tuffs  were  submitted  for  examination  to  Mr.  Etheridge,  the 
Curator  of  the  Australian  Museum  of  Sydney,  who  states  that  they 
appear  to  be  the  remains  of  one  of  the  Unionidot  or  some  allied  fresh- 
water mollusc,  the  distorted  condition  of  the  specimens,  however, 
precluding  a  detailed  description  being  made  of  them. 

The  Moonmera  tuffs,  shales,  and  sandstones  appear  to  bear  the 
same  relation  as  the  Stewart's  Creek  and  Wycarbah  tuffs  do  to  the 
strata  close  to  Stanwell,  and  may  be  considered  a  higher  but  conform- 
able division  of  the  Stanwell  Measures.  Further  details  will  be 
available  for  consideration  when  the  other  portions  of  the  Moonmera 
series  come  to  be  examined  in  the  immediate  vicinity  of  Mount 
Morgan. 
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Coal  seams  outcrop  on  the  side  of  the  Range  to  the  south  of  South 

Peak,  and  the  following  section  was  obserred  by  Mr.  Rands^  who 

inspected  it  in  1899 : — * 

n.  In. 
Coarse  sandstone  (thickness  unknown) 

Black  carbonaceous  shale  2    9 

Brown  argillaceous  sandstone 0  11 

Black  shales  with  streaks  of  coal         0    7 

Brown  shale  ...         ...         ...         ...         ...         ...         ...  0    6 

Black  coaly  shale 0    7 

Brown  sandy  shale  0    3 

Black  coaly  shale Oil 

Dark  brown  shale  0    8 

Black  carbonaceous  shale  10 


JL  OL&l  ...  ...  ...  ...  ...  ...  ...       O       2 

An  examination  of  the  exposed  section  showed  the  coal  to  be  of  a 
dull  appearance  and  veiy  dirty.  Some  of  the  samples  of  the  inferior 
coal  yielded  over  60  per  cent,  of  ash,  but  small  bands  of  the  better 
quality  gave  about  30  per  cent,  of  ash.  Tlie  coal  may  be  considered 
useless,  not  only  from  its  quality,  but  also  from  the  absence  of  seams 
of  workable  size.  The  rugged  nature  of  the  country  over  which  the 
small  isolated  patches  of  the  Coal  Measures  extend  to  the  west  of  the 
Moonmera  Range,  would  also  make  the  working  of  a  small  and  inferior 
coal  seam  impracticable. 

Reference  has  already  been  made  to  the  presence  of  conglomerates 
above  the  granite  to  the  west  of  the  Moonmera  Range,  and  to  the 
probabilty  of  their  being  derived  from  the  breccia  formation. 

To  the  north-east  of  these  massive  conglomerates  on  the  eastern 
side  of  the  Range,  another  outcrop  of  a  similar  rock  occurs.  Very 
probably  the  two  outcrops  are  connected  with  one  another  below  the 
covering  sandstones  and  tuffs,  as  they  dip  in  about"  the  same  westerly 
direction,  and  are  at  about  the  same  altitude.  The  section  on  Plate  1, 
taken  along  the  line  A,  B,  C,  D,  on  Map  2,  illustrates  the  position 
of  tlie  Coal  Measures  with  regard  to  the  copper-bearing  sandstones, 
the  bieccia  formation,  and  the  granite  and  conglomerate  on  the  west 
side  of  Moonmera  Range.  Plate  2  represents  a  portion  of  the  same 
section  on  a  larger  scale,  and  shows  more  clearly  the  relation  of  the 
Coal  Measures  to  the  rocks  in  the  vicinity  of  No.  1  Shaft.  Plate  6 
represents  a  section  taken  along  the  line  E  F,  and  Fig.  (a),  on  Plate  7, 
another  somewhat  similar  section  along  the  line  G  H,  also  show  the 
relation  of  the  Coal  Measures  to  the  rocks  below. 

Recent  Deposits. 
Deposits  of  later  age  than  the  Coal  Measures  are  very  small  in 
area,  and  are  confined  to  the  recent  alluvial  deposits  in  the  beds  of 
the  creeks  heading  from  the  Razorback  or  Moonmera  Ranges. 


*  Progreas  Report  of  Geol.  Surv.  of  Queensland.  By  Auth.:  Bris.,  1900.  6.S.Q.R. 
No.  150. 
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Gold  has  been  found  in  some  of  the  creeks,  of  which  Four-Mile 
Creek  and  the  creek  to  the  east  of  Mount  Scott  have  yielded  several 
hundred  ounces.  The  gold  appears  to  have  been  derived  from  the 
numerous  quartz  leaders  and  veins  which  are  known  to  be  auriferous 
in  the  vicinity  of  the  granite  and  diorite,  especially  about  Mount 
Scott,  where  a  large  body  of  stone  containing  these  veins  is  said  to 
average  a  few  pennyweights  of  gold  to  the  ton. 

Gold  has  been  found  in  the  gullies  leading  down  from  the  gap 
between  North  Peak  and  Middle  Peak  (see  Map  2),  the  source  of 
which  has  not  been  discovered.  Some  of  the  old  miners  suppose  the 
gold  to  come  from  the  conglomerates  at  the  base  of  the  Coal  Meiasures 
just  above,  but  there  are  old  alluvial  workings  in  one  of  the  gullies 
higher  than  the  level  of  the  conglomerates.  The  gold  might  have 
been  shed  from  some  of  the  Coal-Measure  beds  above  the  con- 
glomerates, or  possibly  it  has  been  derived  from  the  older  rocks,  which, 
as  previously  stated,  once  existed  further  east  at  an  altitude  probably 
higher  than  the  sandstones. 

Small  transparent  red  stones  have  been  found  in  the  creeks  west 
of  Mount  Scott,  and  are  supposed  to  be  rubies,  but  none  could  be 
obtained  to  determine  whether  they  were  rubies  or,  more  probably, 
zircons  or  garnets. 

Geological  Summary. 

From  the  preceding  remarks  on  the  geological  features  of  Moon- 
mera,  the  following  deductions  are  made  on  the  sequence  of  the  rocks 
of  the  railway  cuttings  and  at  the  Moonmera  mines : — 

1.  The  oldest  rocks  in  the  district  are  the  Felsites.    They  have 

been  clearly  proved  to  be  older  than  the  diorite,  and  the 
evidence  generally  shows  that  they  are  also  older  than  the 
granite.  They  have  not  been  observed  to  occur  in  any  form 
other  than  as  inclusions  in  younger  rocks. 

2.  Granites  and  Syenites  are  the  next  series,  a  conspicuous 

feature  being  their  disturbance  by  diorite  intrusions. 

3.  The  third  series  is  the  Breccia  Formation,  the  individual 

rock-fragments  of  which  are  made  up  of  felsites^  granite, 
and  syenite,  with  a  conspicuous  absence  of  debris  from 
diorite. 

4.  Diorite  is  the  next  younger  series,  forming  dykes  in  the 

granite,  syenite,  and  felsites,  and  disturbing  the  friction- 
breccia  deposits  occupying  a  fissure  in  a  felsite  mass. 

6.  Following  in  order  are  the  veins  of  Yermictjlith  Granits 
which    have    penetrated    the    diorite    and    other    rocks. 

6.  A  second  series  of  veins  of  Vermiculite  Granite,  Pegmatite, 

Aplitb,  and  Quartz,  which  have  been  formed  in  the  older 
vermiculite  granite  and  other  rocks. 

7.  Faulting  of  the  aplite,  pegmatite,  and  other  rocks. 

B 
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8.  Accumulation    of    material    to    form    the    Mbsozoic   Coal 

Mbasurbs. 

9.  Formation  of  small  bodies  and  veins  of  Dolouitio  LnassTONB 

in    the  decomposing  diorites,  and    the    accumulation  of 
material  to  fonn  deposit-s  containing  ALhVYiAL  Gold. 

Most  of  these  formations  are  illustrated  in  the  diagrammatic 
section  on  Plate  19,  and  the  changes  they  have  undergone  will  directly 
bear  on  some  stratigraphic  and  other  features  of  the  Mount  Morgan 
rocks,  which  partake  of  the  same  general  character.  The  felsites, 
granites,  syenites,  and  diorites  are  all  similar  to  those  close  to  or  on 
Mount  Morgan,  and  the  information  obtained  from  their  examination 
will  be  made  use  of  when  a  study  of  the  rocks  of  Mount  Morgan  is 
undertaken.  Regarding  the  dynamics  of  the  dyies  of  diorite  and 
veins  of  granite,  there  is  enough  evidence  in  tlie  sections  exposed  in 
the  railway  cuttings  to  show,  conclusively,  that  the  theory  of  intrusion 
will  not  account  for  the  fonnation  of  the  veins  of  granite  in  the 
diorite  and  other  rocks. 

As  stated  before,  the  granite  is  intimately  connected  with  aplite 
and  quartz  in  the  same  vein,  the  aplite  gradually  replacing  the  granite 
.in  some  parts,  and  both  changing  imperceptibly  into  a  vein  of  pure 
quartz.  Without  losing  sight  of  the  changes  which  might  have  taken 
place  metasomatically,  it  is  very  evident  that  the  granite  veins  have 
been  produced  under  the  same  conditions  as  those  of  the  quartz  veins, 
and  the  petrological  examination  shows  no  perceptible  difference  in 
the  character  of  the  quartz  where  the  veinstone  is  comprised  exclusively 
of  this  mineral,  or  where  it  is  associated  with  other  minerals  in  the 
granite. 

MINING  DEVELOPMENTS. 

Exploitation  Work. 

The  principal  mining  work  undertaken  at  Moonraera  has  been 
the  exploitation  of  the  copper-bearing  deposits  on  the  side  of  the 
Moonmera  Range,  although  the  alluvial  gold  deposits  in  the  water- 
courses, the  coal  seams  on  the  sides  of  the  Range,  the  auriferous 
formations  of  Mount  Scott,  and  the  quartz  veins  in  the  diorite  and 
granite,  have  each  received  some  notice  from  prospectors. 

The  exploitation  of  the  copper  deposits  began  many  years  ago, 
but  the  results  tlieu  were  not  considered  satisfactory,  and  the 
operations  were  discontinued.  The  finding  of  other  rich  outcrops, 
however,  resulted  in  attention  being  again  directed  to  them,  and 
ultimately  a  systematic  development  of  the  deposits  took  place. 

Without  going  into  the  details  of  the  time  and  order  of  develop- 
ments, descriptions  will  be  given  of  the  formations  in  which  copper  has 
been  found.  They  will  be  considered  under  the  headings :  (1)  Deposits 
in  the  Breccia ;  (2)  Deposits  in  the  Granitic  Rocks ;  and  (3)  Cupriferous 
Sandstones. 
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Deposits  in  thb  Brbccia. 

iTo.  6  Shaft. — This  shaft  is  situated  near  the  western  boundary 
of  No.  5  Mining  Lease,  and  has  been  sunk  to  a  depth  of  64  feet  in  a 
breccia  or  sub-angular  conglomerate  containing  fragments  of  felsitie 
and  granitic  rocks. 

The  breccia  also  contains  blebs  and  patches  of  iron  pyrites  and 
copper  pyrites,  with  films  of  molybdenite  in  the  joint*.  The  copper  is 
found  throughout  the  mass  of  the  breccia,  but  the  quantity  of  metal  it 
contains  is  not  more  than  one  per  cent.,  while  most  of  the  stone  has  less 
than  this  amount.  Concentrates  have  been  produced  from  a  parcel 
of  stone  from  this  shaft,  the  yield  of  which  is  said  to  have  given  11 
grains  of  gold  and  2i  dwts.  of  silver  per  ton,  and  0.65  per  cent,  of 
copper,  but  there  was  no  estimate  obtainable  showing  the  amount 
of  stone  required  to  produce  the  concentrates  giving  this  return. 

No.  1  Shaft  and  No.  1  Tunnel. — These  workings  are  on  No.  S 
Lease,  on  the  spur  leading  up  to  Middle  Peak.  The  breccia  formation 
here  is  of  immense  proportions,  and  must  be  over  300  feet  in  vertical 
measurement,  this  being  the  thickness  observed  between  the  outcrop 
high  up  at  No.  1  Shaft  and  its  lowest  position  in  the  ravines. 

No.  1  Tunnel  has  been  driven  a  distance  of  65  feet  to  prosp>ect 
what  was  thought  to  be  a  lode  having  a  north  and  south  trend,  and 
to  be  a  few  feet  in  thickness,  but  the  developments  have  indicated 
that  the  copper  occurs  in  all  directions  in  the  breccia  outside  this 
supposed  lode. 

No.  1  Shaft  has  been  sunk  to  a  depth  of  50  feet,  on  a  very  rich 
outcrop  of  carbonate  and  oxide  ore  contained  in  the  breccia  formation. 
Two  short  drives  have  been  made  at  the  bottom,  one  to  the  south,  the 
other  to  the  north,  the  latter  showing  oxide  and  native  copper  in 
places.  Excavations  have  been  made  on  the  surface,  between  No.  1 
Shaft  and  No.  1  Tunnel,  and  some  very  rich  patches  of  ore  containing 
carbonate  and  oxide  have  been  exposed. 

A  sample  was  taken  from  50  tons  of  stone  on  the  surface,  obtained 
from  the  north  drive  and  from  places  in  the  shaft,  and  yielded  0.31 
per  cent,  of  copper  and  traces  of  gold  and  silver.  This  stone  was 
thrown  out  without  any  attempt  being  made  to  separate  the  richer 
portions  from  the  worthless  stone,  so  that  classification,  if  adopted, 
might  increase  the  percentage  considerably. 

A  parcel  of  4J  tons  of  stone  taken  away  from  these  workings  was 
obtained  from  some  rich  "  pockets"  of  ore  in  the  breccia,  and  sent 
to  a  metallurgical  works  for  treatment,  and  yielded  four  dwts.  of  gold 
and  two  ounces  of  silver  per  ton,  and  28  per  cent,  of  copper.  A  similar 
parcel  sent  to  another  works  gave  almost  the  same  results.  The 
occurrence  of  these  rich  patches  of  ore  created  the  impression  that  a 
rich  lode  exists,  but  there  is  nothing  to  indicate  that  such  is  the  case. 

•From  No.  1  Tunnel  about  ten  tons  of  ore  have  been  separated 
from  the  other  stone  taken  out,  and  a  sample  of  this  yielded  1.8  per 
cent,  of  cqpper  and  traces  of  gold  and  silver. 
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No.  2  Shaft, — This  is  about  ten  chains  south  of  No.  1  Shaft,  and 
has  been  sunk  on  an  outcrop  of  decomposed  copper-bearing  rocks, 
separated  from  the  main  body  by  a  mass  of  felsite.  {See  Plates  5 
and  6.) 

The  shaft  has  been  sunk  50  feet  below  the  floor  of  the  open-cut, 
and  from  this  a  drive  communicates  with  a  winze,  sunk  from  the 
open-cut  down  to  the  end  of  No.  2  Timnel.  The  rocks  on  the  surface 
show  carbonate  of  copper  in  a  number  of  places,  and  from  various 
parts  here,  and  from  the  shafts  and  drives,  a  maximum  return  of  3.8 
per  cent,  of  copper  has  been  obtained;  the  general  average,  however, 
being  less  than  1^  per  cent,  of  copper. 

Experiments  have  been  tried  in  concentrating  the  ore,  and  some 
of  the  concentrates  have  yielded  nine  dwts.  of  gold  and  traces  of  silver 
to  the  ton,  and  20  per  cent,  of  copper,  but  an  estimate  of  the  quantity 
of  stone  required  to  produce  a  concentrate  of  this  richness  has  not  been 
obtainable. 

,  It  has  been  considered  that  the  copper  contents  of  the  ore  in  the 
winze  is  about  1.8  per  cent.,  the  ore  in  No.  2  Shaft  probably  1.7 
per  cent.,  in  the  cross-cut  1.7  per  cent.,  and  in  the  tunnel  3.25  per 
cent. ;  but  samples  taken  from  the  same  workings  show  on  an  average 
only  traces  of  copper,  although  small  bodies  of  ore  occur  which  yield 
up  to  three  per  cent  .of  copper.  Fifty  tons  of  ore  at  grass  is  said  to 
have  yielded  three  per  cent,  of  copper,  and  that  stone  picked  from  this 
returned  17  per  cent,  of  copper. 

In  the  open-cut  a  sample  was  taken  from  across  18  feet  of  stone 
showing  carbonates  of  copper,  and  this  yielded  1.48  per  cent,  of 
copper;  and  a  sample  taken  from  a  heap  at  No.  2  Shaft  yielded  1.67 
per  cent,  of  copper. 

Dbposits  in  thb  Granitic  Rocks. 
No.  6  Tunnel, — The  position  of  this  tunnel  is  close  to  the  south- 
west corner  of  No.  5  Lease,  and  between  the  workings  of  No.  5  Shaft 
and  No.  1  Tunnel.  It  is  situated  low  down  in  a  gully  leading  from  the 
gap  between  Middle  Peak  and  North  Peak,  and  was  driven  for  the 
purpose  of  reaching  the  breccia  formation.  The  direction  taken  is  S. 
10^  E.,  and  the  distance  driven  32  feet,  but  the  work  for  the  present 
is  suspended. 

,  The  rock  is  a  microgranite  and  represents,  in  situ,  the  same  rock 
found  with  others  as  fragments  in  the  breccia  at  No.  1  Shaft.  Copper 
occurs  as  blebs  of  yellow  sulphide,  the  percentage  of  copper  being  less 
than  one  per  cent. 

No,  8  Tunnel, — ^This  is  situated  in  about  the  centre  of  No.  3 
Lease,  and  about  15  chains  from  No.  6  Tunnel.  The  formations  it 
penetrates  are  felsite  and  granite,  with  a  breccia  at  tlie  end  of  the  driva 
The  breccia  is  very  compact  and  contains  fragments  of  felsite,  quartz 
felsite,  and  microgranite.  Very  little  copper  is  present,  and  tiiis  is 
mostly  associated  with  the  fragments  of  quartz  felsite. 
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On  Plate  2  is  represented  a  section  along  No.  8  Tunnel,  and 
illustrates  the  position  of  the  end  of  the  tunnel  with  regard  to  the 
breccia  which  the  tunnel  was  driven  to  strike,  and  an  outcrop  of  which 
occurs  on  the  surface  to  the  north-west  above  the  tunnel.  Considered 
generally,  the  copper  occurring  in  the  tunnel  is  very  small  in  amount, 
and  there  are  very  few  tons  of  stone  in  sight  which  would  yield  over 
one  per  cent,  of  copper. 

No.  2  Tunnel. — No.  2  Tunnel  is  to  the  east  of  No.  2  Shaft,  and 
was  driven  294  feet  westerly,  to  prospect  the  breccia  formation  below 
the  bottom  of  No.  2  Shaft.  The  rocks  the  tunnel  is  driven  through 
are  felsite  and  quartz  felsite  (with  mica  present  as  a  rare  constitutent)» 
and  a  iuicro«rranite,  and  altlioufrh  the  breccia  of  No.  2  Shaft  niuRt  be 
very  close  to  the  tunnel  it  has  not  yet  been  discovered.  Blebs  of 
yellow  sulphide  of  copper  (copper  pyrites)  are  seen  in  the  rocks  in  the 
tunnel  close  to  what  may  be  considered  an  eastern  boundary  or  limit 
of  the  copper-bearing  formation,  and  on  the  surface  above  the  tunnel 
at  this  eastern  boundary  copper  shows  freely  on  the  surfaces  of  the 
breccia  ted  rocks.     (See  Plates  5  and  6.) 

The  Quarry. — This  excavation  is  about  four  chains  easterly  from 
No.  8  Tunnel,  and  is  on  the  sides  and  bottoii  of  the  channel  of  a  water- 
course. The  rocks  are  felsite  and  quartz  felsite,  with  mica  occasionally 
present.  Portions  of  the  rocks  are  somewhat  brecciated,  being  made 
up  of  large  angular  blocks  of  felsite. 

The  copper  occurs  in  the  felsitic  rocks  very  irregularly  and 
very  much  scattered.  Tons  of  the  rock  have  been  quarried  (roughly 
about  200  tons),  and  from  this  about  ten  tons  have  been  picked  out,  a 
sample  of  which,  made  up  of  portions  of  each  heap  of  ore  at  the 
difiPerent  faces  in  the  quarry,  yielded  on  assay  0.69  per  cent,  of  copper 
and  traces  of  gold  and  silver. 

No.  4  Tunnel. — This  tunnel  is  on  the  boundarj^  line  between  No. 
3  and  No.  4  Leases,  and  to  the  south-east  of  No.  8  Tunnel.  Its 
bearing  is  north-west,  and  the  length  about  140  feet.  The  open-cut 
at  the  entrance  penetrated  a  mass  of  copper-bearing  stone,  but  the 
tunnel  passed  through  into  a  biotite  granite,  and  continued  in  this 
rock  to  the  face,  the  object  in  view  being  to  cut  a  supposed  extension 
of  the  copper-bearing  stone  found  in  the  short  tunnel  above  No.  4. 

Tlie  ore  at  the  mouth  is  contained  in  a  felsite,  a  quartz  felsite, 
and  a  much  decomposed  (?)  dolerite,  with  veins  of  quartz  and  iron- 
stone. A  sample  for  assay  was  stripped  from  the  side  of  the  open-cut 
and  tunnel,  where  the  ore  is  exposed,  and  yielded  2.5  per  cent  of  copper 
and  traces  of  gold  and  silver.  The  formation  appears  to  be  about 
five  feet  thick,  but  as  the  tunnel  has  been  driven  in  the  wrong  direc- 
tion, its  extent  has  not  been  ascertained. 

Close  to  the  end  of  the  tunnel  a  ( ?)  dolerite  dyke  was  penetrated, 
and  in  the  granite  on  the  other  side  there  are  veins  of  copper  pyrites 
half  an  inch  thick,  but  of  no  importance. 
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The  top  tunnel  is  20  feet  in  length,  and  shows  some  very  good 
carbonate,  oxide,  and  sulphide  ore,  contained  in  decomposed  aplite 
and  quartz  felsite.  A  sample  was  taken  from  all  exposed  places,  and 
an  assay  yielded  3.89  per  cent,  of  copper  and  traces  of  gold  and  silver. 

On  the  roof,  floor,  and  sides  of  the  tunnel  the  ore  is  to  be  seen, 
but  the  work  accomplished  is  not  sufficient  to  determine  its  extent. 

The  illustration  on  Plate  3  represents  a  section  along  No.  4 
Tunnel,  and  shows  the  position  of  the  formations  at  the  open-cut  and 
at  the  top  tunnel. 

Xo.  7  Tunnel. — This  tunnel  is  about  five  chains  south- westeriy 
from  No.  l  Tunnel.  Its  bearing  is  S.  15°  W.,  and  its  length  is  201 
feet. 

The  rocks  at  the  entrance  of  the  tunnel  are  somewhat  disturbed. 
A  breccia  made  up  of  quartzite  fragments  in  a  matrix  of  felsite  occurs 
in  granite,  and  in  the  granite  there  are  irregular  veins  and  patches 
of  quartz,  anker ite  (carbonate  of  iron,  lime,  <fec.),  and  calcite.  In  the 
granite  close  to  the  breccia  there  are  a  few  fine  veins  and  threads  of 
copper  pyrites  with  molybdenite. 

The  tunnel  was  driven  to  reach  a  body  of  stone  supposed  to  extend 
downwards  from  the  outcrop  of  copper  ore  on  the  crown  of  the  hill, 
but  it  has  not  yet  been  found.  The  rocks  in  the  tunnel  are  a  biotite 
granite,  a  friable  felspathic  rock  impregnated  with  iron  pyrites,  and 
a  quartz  felsite  at  the  face  containing  traces  of  molybdenite. 

The  outcrop  above  No.  7  Tunnel  shows  copper  carbonates  with 
iron  oxides  freely  distributed  in  a  decomposed  felsite.  A  sample  was 
taken  from  the  exposed  places  in  the  trenches,  from  about  ten  tons 
of  ore  at  grass,  and  also  from  what  was  exposed  in  situ  on  the  surface. 
Portions  of  the  stone  exposed  in  the  trenches  showed  no  copper  at  all, 
and  these  were  not  sampled.  The  returns  from  the  assay  showed  3.85 
per  cent,  of  copper. 

Plate  4  illustrates  a  section  of  the  tunnel,  and  shows  the  position 
of  the  outcrop  of  copper  ore  on  the  crown  of  the  hill. 

Xo.  S  Shaft. — This  shaft  is  50  feet  deep,  and  is  situated  about 
15  chains  north-westerly  from  the  outcrop  above  No.  7  Timnel,  and  is 
on  the  line  of  section  G  H  represented  on  Plate  7.  The  formation  in 
which  the  shaft  is  sunk  is  a  pale-greenish,  friable,  partly  decomposed 
felspatliic  rock,  containing  abundance  of  cubical  iron  pyrites,  and  is 
not  copper-bearing.  About  20  feet  to  the  south-west  of  the  shaft  a 
trench  has  been  cut  on  an  outcrop  of  copper-bearing  rock  showing 
carbonates.  The  rock  is  similar  to  that  in  the  shaft,  only  more 
decomposed  and  iron-stained.  The  copper  also  occurs  on  the  faces  of 
a  low  cliff  close  to  the  trench,  but  the  prospecting  work  at  the  base 
of  the  cliff  does  not  show  any  features  indicating  a  continuation  of 
copper  in  depth,  although  the  few  tons  of  stone  around  the  trench 
above  must  average  two  or  three  per  cent,  of  copper. 
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No.  3  Shaft  was  sunk  to  prospect  for  gold  as  well  as  copper, 
because  of  the  resemblance  of  the  stone  in  the  outcrop  to  some  of  the 
auriferous  stone  occurring  in  the  Mount  Morgan  Mine,  but  the  results 
were  not  satisfactory.  The  heap  of  stone  at  the  shaft,  which  might 
contain  about  50  tons,  was  sampled  over  the  surface,  and  the  assay 
of  this  yielded  traces  of  copper,  gold,  and  silver. 

A  sample  was  taken  of  the  siuiace  stone  at  the  cliffs  and  the 
trenches,  and  from  the  ore  at  grass,  but  only  stone  was  taken  in  which 
copper  was  present,  barren  portions  being  excluded.  This  sample 
yielded  0.96  per  cent,  of  copper  and  traces  of  gold  and  silver. 

The  rock  in  which  No.  3  Shaft  has  been  sunk,  evidently  extends 
south-easterly  to  the  outcrop  above  No.  7  Tunnel,  and  also  below  to  the 
tunnel  level  as  shown  in  Plate  4. 

Copper  is  also  present  in  the  rocks  of  the  same  belt  about  50 
feet  to  the  north-west  of  the  outcrop  above  No.  7  Tunnel.  A  small 
excavation  has  been  made,  and  the  ore  exposed  shows  a  resemblance  to 
that  above  No.  7  Tunnel. 

Other  Localiti€8. — An  old  abandoned  shaft  situated  easterly  from 
No.  5  Shaft  was  examined.  It  is  15  feet  deep,  and  is  sunk  on  a 
decomposed  felsite  traversed  by  a  vein  of  aplite,  both  of  which  were 
found  to  be  impregnated  with  copper  carbonates  and  copper  pyrites. 
The  appearance  of  the  vein  suggests  that  more  should  be  known  as  to 
its  extent.  Copper  carbonates  also  occur  on  the  surface  of  the  ridge 
further  to  the  east. 

Another  old  shaft,  25  feet  deep,  situated  south-east  of  No.  7 
Tunnel,  and  outside  No.  4  Lease,  was  examined.  Tlie  formation  is  a 
decomposed  felsite  and  granite,  with  fine  veins  of  carbonate  and 
oxide  of  copper.  About  one  ton  of  stone  is  lying  about  on  the  surface 
containing,  perhaps,  five  per  cent,  of  copper,  but  the  bulk  of  the  stone 
taken  out  does  not  show  copper  at  all. 

Cupriferous  Sandstones. 

North  Tunnel. — This  tunnel  is  situated  on  the  central  one  of  the 
three  leases  north  of  those  belonging  to  the  Moonmera  Copper 
Company,  and  is  aboCit  ten  chains  east  of  North  Peak. 

The  formation  is  sandstone,  more  or  less  ferruginous  and  clayey 
in  parts,  with  interbedded  gritty  ferruginous  tuffs.  The  sandstones 
are  impregnated  with  blue  and  green  carbonates  of  copper  and  the 
red  oxide  (cuprite),  while  the  red  tuffs  in  patches  are  spotted  with 
the  carbonates. 

The  tunnel  is  driven  westerly  along  the  dip  of  the  copper-bearing 
sandstones,  which  are  exposed  for  some  distance  along  its  sides  and  at 
the  face.  Samples  were  taken  from  all  the  exposed  places  in  the  tunnel 
showing  copper,  also  from  one  ton  of  picked  ore  at  the  entrance,  and 
from  about  20  tons  of  ore  in  the  paddock  near  the  entrance.  The 
result  of  this,  on  assay,  gave  one  per  cent,  of  copper,  and  traces  of 
gold  and  silver. 
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Cliffs  near  South  Peak, — On  the  edge  of  the  cliffs  to  tlie  east  of 
South  Peak,  which  is  the  most  southerly  of  the  three  prominent  peaks 
on  the'Moonmera  Range,  there  is  an  exposure  of  the  cupriferous  sand- 
stones  below  the  regular- bedded  Coal  Measures.  This  formation 
extends  northerly  and  southerly  {see  Map  2),  and  shows  traces  of 
copper  in  several  places. 

On  an  exposed  cliff,  about  twelve  chains  south-east  of  South  Peak, 
marked  "Copper"  on  Map  2,  the  sandstones  are  impregnated  with 
carbonates  and  red  oxide  of  copper,  some  portions  of  which  undoubtedly 
are  very  rich.  Concerning  these  rich  portions  no  definite  opinion  can 
be  expressed,  as  they  are  simply  outcrops,  their  richness  probably 
being  due  to  the  leaching  out  of  the  copper  from  sandstone  not 
exposed,  and  deposition  taking  place  on  the  sides  of  the  cliffs.  The 
sample  taken  from  here  yielded  2.68  per  cent,  of  copper,  and  traces 
of  gold  and  silver. 

Other  Outcropa. — Sandstones,  containing  rich  patches  of  carbonate 
of  copper,  occur  in  numerous  other  places  along  the  cliffs,  and  some 
of  these  patches  of  ore  undoubtedly  have  been  formed  by  the 
leaching  out  of  the  copper  to  form  efflorescences  below  the  overlying 
rock  ledges. 

Summary  op  Mining  Wohk. 

In  reviewing  all  the  work  which  has  been  in  progress  at  the 
Moonmera  Copper  Mines,  it  becomes  apparent  that,  although  some 
of  the  prospecting  work  has  yielded  satisfactory  results,  most  of  the 
work  has  been  unsuccessful  in  establishing  the  existence  of  well-defined 
bodies  of  copper  ore. 

A  few  of  the  outcrops  show  signs  of  being  permanent,  but  others 
are  irregular  and  unreliable  in  tlieir  occurrence,  lliat  copper  ore 
exists  in  enormous  quantities  is  unquestionable,  as  outcrops  of  ore  can 
be  observed  in  a  vast  number  of  places  high  up  on  the  mountain 
slopes  in  the  sandstones  and  breccia,  and  lower  down  in  the  belt  of 
granitic  and  felsitic  rocks. 

Of  the  most  promising  localities  where  developments  have  exposed 
the  formations  carrying  copper,  or  are  in  positions  favourable  for 
working,  No.  6  Tunnel  should  first  be  mentioned.  The  further 
extension  .of  this  tunnel  mav  not  be  in  accordance  with  the  scheme  of 
development  laid  down;  but,  after  all,  it  is  more  important  to  first 
prospect  the  ore  bodies  and  find  out  their  value,  than  to  put  in  levels 
for  working  the  mine  and  then  prospect  for  ore-bodies  afterwards. 

Quite  possibly  No.  6  Tunnel  would  reach  the  breccia  if  extended 
a  short  distance,  and  the  finding  of  this  formation  so  far  below  No. 
1  Shaft  would  reveal  what  its  character  and  quality  are  in  depth. 

No.  1  Shaft  and  No.  1  Tunnel  are  favourably  situated,  and  should 
it  be  found  advisable  to  further  prospect  the  breccia,  these  workings 
will  be  found  to  be  in  a  good  position  for  development. 
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The  deyelopments  at  No.  2  Shaft  in  the  breccia  formation  show 
verv  decidedly  wliat  the  stone  is  like  in  this  nei«:hbourliood,  but  as  No.  2 
Tunnel  has  failed  to  reach  the  breccia,  an  alteration  in  the  direction  of 
the  tunnel  by  driving  more  to  the  north  would  probably  be  more  suc- 
cessful, as  the  inclination  of  the  breccia  formation  is  north-westerly. 

No.  8  Tunnel,  as  well  as  penetrating  the  breccia  exposed  above 
the  tunnel,  is  also  prospecting  the  breccia  in  which  No.  2  Shaft  is 
put  down.  Both  these  workings  are  on  the  same  belt,  the  outcrop  of 
which  extends  from  No.  2  Shaft  in  a  north-easterly  direction  to  the 
hill  in  which  No.  8  Tunnel  is  driven. 

The  Quarry,  near  No.  8  Tunnel,  does  not  yield  any  definite 
information  concerning  the  trend  of  the  rocks  in  the  neighbourhood. 
Although  there  are  possibilities  of  its  being  connected  with  the 
copper  outcrops  at  No.  4  Tunnel  as  has  been  supposed,  there  is  very 
little  evidence  to  be  obtained  from  it  on  which  to  base  an  opinion,  and 
the  copper  belt,  if  such  a  thing  exist.s,  might  be  in  quite  a  different 
direction.  The  individual  outcrops  in  this  part  of  the  granite  area, 
and  also  in  other  parts,  are  so  numerous  that  it  would  be  very  easy  to 
fall  into  the  error  of  supposing  that  a  connection  exists  between 
several  of  them,  and  to  assume  that  they  were  the  various  outcrops 
belonging  to  more  or  less  defined  lode  formations. 

Work  should  not  be  continued  at  No.  4  Tunnel,  unless  it  is  to 
explore  the  small  formations  passed  through  on  the  east  side,  but 
the  timnel  above  No.  4  Tunnel,  named  the  "  Top  Tunnel"  oix  Plate  3, 
should  be  prospected,  if  it  were  found  necessary  to  determine  the 
extent  of  the  ore  body  there. 

In  No.  7  Tunnel  work  should  not  be  continued  until  the  outcrop 
above  it  on  the  crown  of  the  hill  has  been  further  examined  and  more 
known  about  its  trend. 

In  No.  3  Shaft  the  stone  has  been  sufficiently  tested  to  show  its 
quality,  and  no  encouragement  can  be  given  to  do  any  additional 
work  here. 

Attention  is  directed  to  the  outcrop  of  copper-bearing  sandstone 
south-east  of  South  Peak,  where  prospecting  might  reveal  a  body  of 
ore.  The  stone  is  good  in  quality,  and,  although  it  might  only  be 
rich  where  exposed,  quite  possibly  it  extends  into  the  hill  for  some 
distance. 

Concerning  the  North  Tunnel,  the  examination  shows  that  a 
regular  and  permanent  formation  of  sandstone  of  about  four  feet  in 
thickness  is  present,  and  there  is  every  indication  of  the  copper 
carbonates  in  it  continuing  into  the  hill  to  the  south. 

Generally  considered,  the  exploratory  work  indicates  that  the 
copper  ore  in  the  granitic  and  felsitic  rocks  has  failed  to  give  good 
results,  and  except  where  they  may  furnish  some  information  regard- 
ing the  occurrence  of  the  breccia,  with  which  they  come  in  contact,  it 
is  questionable  whether  any  further  exploitations  should  be  made  in 
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ihem.  If  anything  is  done,  the  breccia  is  the  formation  in  which 
attention  should  be  more  concentrated,  but  limited  to  those  places 
previously  referred  to,  while  the  outcrops  of  copper-bearing  sandstones 
sliould  not  be  neglected. 

Regarding  the  mining  work,  a  few  words  of  advice  may  not  be 
out  of  place.  The  practice  of  putting  in  large  tunnels  for  development 
and  for  working  out  the  ore  bodies,  before  the  character  of  the  deposits 
is  understood,  is  not  to  \ye  commended  under  any  conditions,  and  at 
Moonniera  it  is  evident  the  deposit-s  have  not  been  understood,  from 
the  failure,  of  most,  if  not  all,  of  the  tunnels  to  penetrate  the  ore  bodies 
which  they  were  put  in  to  test.  Impregnations  of  granite  or  felsite, 
or  other  such  rocks,  are  Jilways  of  an  uncertain  character,  and  very 
different  to  a  well-delined  lode  formation  or  vein,  and  so  their  exploita- 
tion should  be  undertaken  on  lines  altogether  different  to  that  which 
has  been  followed. 

Concerning  concentration,  it  may  be  stated  that,  as  the  ore  is  a  low 
grade  one,  it  would  be  necessary  to  adopt  some  method  of  reducing 
the  proportion  of  gangue  to  mineral  prior  to  metallui^ical  treatment. 
There  are  very  large  quantities  of  ore  containing  traces  up  to  about 
two  per  cent,  of  copper,  and  while  much  of  the  ore  cannot  be  hand- 
picked,  some  of  it  could  be  treated  in  this  way,  on  account  of  the 
favourable  condition  in  which  the  minerals  occur  in  the  gangue. 

Crushing  and  concentrating  some  of  the  ore  could  be  satisfactorily 
performed,  as  trials  have  shown,  and  the  latest  i*etuiii  available  shows 
that  7^  tons,  taken  from  No.  2  Shaft,  were  coficentrated  to  16  cwt. 
containing  12.5  per  cent,  of  copper  and  six  dwt.  of  gold. 
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LIST  OP  MINERALS. 

Name  or  ^ 

MiiiutAL.  OCCURBEHOE. 

Ankerite. — Tbia  iron -lime  carbonate  is  associated  ifith  calcite  and 
quartz  crystals  in  decomposed  granite  at  the  mouth  of 
No.  7  Tunnel.  (See  Plate  4.)  The  quartz  crystals  occur 
in  Tughs  on  which  the  ankerite,  in  a  massive  crystalline 
form,  has  been  deposited.  The  calcite  is  a  subsequent 
crystallisation  on  the  ankerite  and  quartz.  The  mineral  is 
white,  but  rapidly  oxidises  to  a  yellow  colour  on  a  freshly- 
exposed  surface. 

Atacamite. — An  oxi-chloride  of  copper  occurring  with  halite  (sodium 
chloride)  on  the  surface  of  a  friable  sandstone  near  the 
North  Tunnel.     Bare. 

Aznrite. — Blue  carbonate  of  copper.  Found  in  numerous  places  all  over 
the  field.  At  the  North  Tunnel  it  is  in  the  form  of  small 
lenticular  scales  in  tuffs  and  sandstones,  and  also  as 
impregnations  in  the  latter  rocks. 

Biotite. — A  common  mica  in  the  older  granites  about  ^loonmera. 

CSalcite. — In  No.  7  Tunnel,  associated  with  quartz  and  ankerite. 

Chalcedony. — Occurs  in  the  felsite  in  the  quarry  near  No.  7  Tunnel  as 
an  encrustation  on  quartz  crystals.  Originally  the  quarts 
crystals  were  embedded  in  copper  pyrites,  but  the  latter 
mineral  has  been  removed  and  the  chalcedony  has  formed 
on  the  crystal  faces. 

CoaL — Inferior  coal  occurs  on  the  Moonmera  Range,  in  Mesozoic  rocks. 
(See  Plates  6  and  7,  and  Map  2.) 

Copper  Pyrites. — The  matrix  of  this  material  is  usually  the  granitic 
rocks,  but  it  occurs  in  many  different  varieties  of  the  acid 
rocks,  noticeably  where  in  contact  with  those  more  basic  in 
composition.  In  the  lower  outcrops  of  the  breccia  it  is 
also  found. 

CapritOi — This  oxide  of  copper  occurs  near  the  surface  of  the  copper- 
bearing  rocks  in  the  granites  and  felsites,  but  it  in  found 
far  below  the  surface  in  the  breccia.  It  is  also  present  in 
the  sandstones  on  the  Sange. 

Copper  Olance. — At  No.  1  Shaft  and  No.  1  Tunnel  in  small  bodies. 

Dolomite.-— Common  as  patches  and  veins  in  the  Moonmera-Moongan 
railway  cuttings. 

Galena. — ^Traces  found  with  the  copper  pyrites  in  several  of  the  mine 
workings. 

Oold. — In  veins  and  reefs  at  Mount  Scott,  &c.  As  alluvial  deposits  in 
the  watercourses  east  and  west  of  Moonmera  Bange. 

Hematite. — Occurs  in  the  copper-bearing  outcrops,  and  in  the  sand- 
stones and  tuffs  on  the  Bange. 
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Name  or 

MllfERAL. 


LIST  OF  MlKERAlA—continued. 

OCCUBHENCE. 

Halite. — Formed  as  an  exudation  in  the  caves  in  the  sandstone  cliffg 

of  the  Bange. 
Hornblende. — In  the  syenites  and  diorites  in  the  railway  cuttings. 

Iron  Pyrites. — Common  in  the  Moonmera  mine  workings ;  abundant 
at  No.  3  Shaft  and  No.  1  Tunnel. 

Limonite. — On  the  outcrops  of  the  copper-bearing  rocks ;  also  in  the 
sandstone  on  the  range. 

Xalachite. — Found  in  numerous  places  on  the  field.  At  North  TuDnel 
impregnates  the  sandstones. 

Melaconite. — Occasionally  found  as  a  black  coating  to  the  copper 
pyrites  in  the  mine  workings. 

Molybdenite. — Filling  the  joints  and  occurring  as  flakes  in  some  of 
the  felsites ;  occasionally  as  small  masses  a  few  inches  in 

■r 

diameter. 

Mnscovite. — In  some  of  the  newer  granite  veins  in  the  railway 
cuttings,  and  in  the  older  decomposed  granite. 

Hative  Copper. — In  the  breccia  and  sandstones  in  several  pbices^ 
particularly  about  No.  1  Shaft  and  No.  I  Tunnel. 

Quartz  Crystals. — At  No.  7  Tunnel  and  in  the  quarry  near  No.  8 
Tunnel. 

Yermicnlite. — In  abundance  in  the  veins  of  granite  and  pegmatite  in 
the  railway  cuttings  between  Moonmera  and  Moongan. 
It  is  in  small  scales,  having  very  much  the  appearance  and 
habit  of  muscovite.  Before  the  blowpipe  it  exfoliates 
remarkably ;  then  fuses  to  a  black  glass. 


ALTITUDES  (Approx.) 


Middle  Peak 

South  Peak     

North  Peak    

Gap  South  of  Middle  IVak 

No.  1  Shaft     

North  Tunnel 

No.  1  Tunnel 

Coal  Seam  Outcrop  . . . 

No.  2  Shaft     

Moongan  Railway  Station 

No.  3  Shaft     

^mile  west  of  Middle  Peak 


Fkjct. 

1,350 
1,300 
1,300 
1,250 
l,a'>0 
1,050 
1,015 
1,010 

iWO 
960 
900 


No.  2  Tunnel 

No.  8  Tunnel 

Quarry  ... 

No.  0  Tunnel 

No.  6  Shaft     

Top  Tunnel  (above  No.  4  Tunnel) 
Trenches  above  No.  7  Tunnel 

No.  7  Tunnel 

Nob  4  Tunnel 

Moonmera  Railway  Station 
Scott's  Creek  at  Railway  Line 


Fkkt. 
990 
850 
795 
780 
778 
750 
790 
680 
675 
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Brisbane,  2nd  September,  1902. 


B.  DIJNSTAN, 

Acting  Q-ovemment  Geologist. 


By  Autliorlty :  Gi.oruk  Arthur  Vaughak,  GoTemment  Printer,  William  street,  Brisbane. 
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PLATE  1. 

Geological  Section  ackoss  Moonmkba  Rahge. 

The  geological  section  across  Moonmera  Hange  along  the  curved 
line  A,  B,  C,  D,  on  Map  2,  shows  most  of  the  formation  of  the 
district.  The  granite  with  the  felsite  and  quartz  felsites  are  the 
basement  rocks,  on  whicH  have  been  deposited  the  copper-bearing 
breccia  to  the  east  and  the  conglomerates  to  the  west  of  the  Moon- 
mera Range,  and  above  these  are  the  sandstones,  tuffs,  and  inferior 
coal  seams  of  the  Mesozoic  Coal  Measures. 

The  altitudes  are  approximate. 
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Plate  1 


31 


PLATE   2. 

G-BOLOOICAL   SbCTIOST    (EaST  OF  MOONMEBA  BaKGE)  ON  LlKE  B  C. 

The  section  along  the  line  B  C,  on  Map  2,  illustrates  the  posi- 
tion of  the  geological  formation  at  No.  8  Tunnel  and  No.  1  Shaft. 
At  the  top  of  the  section  are  the  Coal-Measure  sandstones,  shales, 
and  tuffs,  below  which,  at  a  steeper  angle  of  dip,  are  the  copper- 
bearing  sandstones.  The  f elsite  "  horse "  seems  to  be  enveloped  by 
the  breccia,  and  distinct  from  the  mass  of  felsites  further  east  in 
No.  8  Tunnel. 


Qeoloqical  Survey  of  Qucewland 


Plate  2 
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PLITE  3. 

Section  alozto  No.  4  Tunkbl. 

The  section  along  Xo.  4  Tunnel  shows  the  copper-bearing  vein 
in  the  granite  and  its  relation  to  the  (?)  dolerite  with  which  it  comes 
in  contact.  The  course  of  the  copper-bearing  vein  is  i^t  an  angle 
with  the  direction  of  the  tunnel,  and,  in  consequence,  the  vein  has 
been  cut  and  passed  through  obliquely.  At  the  end  of  the  tunnel 
ft  few  half -inch  veins  of  copper  pyrites  in  granite  was  found  near 
another  (?)  dolerite  dyke,  but  of  limited  extent. 

The  Top  Tunnel  copper  impregnates  the  granite  and  quartz- 
felsite,  but  no  lode  formation  exists. 

Ftfrther  references  to  No,  4  Tunnel  fire  made  on  page  21, 
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PLATE  4. 

Section  alohg  No.  7  Tithnkl. 

The  section  along  No.  7  Tunnel  exposes  near  the  entrance  a 
dyke  of  felsite  with  included  quartzite  fragments,  and  contained 
between  walls  of  granite.  Quartz  with  ankerite  occurs  in  the  dyke, 
and  molybdenite  with  copper  pyrites  exists  as  fine  veins  and  threads 
in  the  decomposed  granite  close  by.  A  friable  felspathic  rock 
penetrated  in  the  tunnel  appears  to  be  the  same  rock  exposed  on  the 
crown  of  the  hill  just  above  it.  Copper  occurs  in  the  outcrop  on 
the  hill,  but  has  not  been  found  in  the  tunnel.  At  the  end  of  the 
tunnel  threads  of  molybdenite  make  their  appearance  in  the  quartz 
felsites.     Further  references  to  No.  7  Tunnel  are  made  on  page  22. 
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Plate  4 
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PLATE  5. 

No.  2  TuxNEL  AND  No.  2  Shaft. 

The  workings  of  No.  2  Tunnel  and  No.  2  Shaft  are  shown  in 
plan  and  section.  The  copper-bearing  formation  lies  between  granite 
and  felsites,  and  apparently  has  an  easterly  underlie.  The  cross- 
hatching  represents  the  portion  found  to  be  copper-bearing  stone,  in- 
dependently of  the  kind  of  rock  containing  the  mineral.  References 
to  the  copper  contents  of  the  workings  are  given  on  pages  20  and  21 
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PLATE  G. 

GioiiOeiCAL  Section  fboh  Mookicbra  Rasqe  to  Qua.bbt, 

The  geological  section  from  MooDmera  Bange  to  the  quarrj, 
along  the  line  E  F,  on  Map  2,  illuntrates  the  slightly-inclined  Coal- 
Measure  sandstones,  shales,  and  tuffs,  the  steeply-inclined  copper- 
bearing  sandstones,  and  the  felsite  mass  between  the  latter  formation 
f^nd  thQ  copper-bearing  breccia  fiirther  east. 


Geouooical  Survev    of  Queensland 


Plate  6 
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PLATE  7. 

a 
Seotion  East  ov  Moohmcba  Ba.nob. 

Section  along  the  line  G  H,  on  Map  2,  between  South  Peak 
and  No.  3  Shaft.  It  shows  the  steep  angles  at  which  the  irregular 
cupriferous  sandstones  are  inclined  to  the  west,  and  also  the  less 
inclined  orerlying  Coal  Measures. 

A  White  tuffs. 

B  Sandstones. 

C  Shales  with  coal. 

I)  Copper-bearing  sandstones. 

£   Folsites. 

b 
Breccia,  at  No.  5  Shaft. 
A  section  of  breccia  from  Nu.  5  Shaft,  showing  the  angular 
and  sub-angular  fragments  of  a  bluish  quartzite  {b)  in  a  matrix  of 
felsite  (0).  A  microscopic  section  showed  the  quartzite  to  be 
made  up  of  fragments  much  altered  and  of  varying  degrees  of 
fineness,  and  to  contain  magnetite  dust. 

Scale :  1  inch  =  6  inches. 
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PLATE  8. 

Section  from  Railway  Cutting  (A). 

In  this  section  large  and  small  dykes  of  diorite  have  penetrated 
what  ib  probably  a  broken-up  mass  of  felsite  included  in  a  larger 
mass  of  diorite.  A  vein  of  fine-grained  aplite  and  granite  has  been 
formed  in  the  diorite  and  felsite. 

Mica  and  hornblende  occasionally  occur  in  the  diorite  and  felsite. 

The  horizontal  diorite  masses  would  appear  to  have  been  pre- 
viously connected  with  one  another,  but  taken  in  conjunction  with 
the  section  (A)  illustrated  on  Plate  15,  it  is  evident  that  an  open 
fissure  in  the  felsite  was  formed,  subsequently  faulted,  and  then 
fiUed  with  diorite. 

Scale :  1  inch  =  12  feet. 
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PLATE  9. 

Section  fbom  'Railway  Cuttdto  (A). 

An  enlarged  yiew  of  the  aplite  and  granite  vein  shown  on 
Plate  8.  The  section  illustrates  the  system  and  joints  in  the  felsite 
and  the  silicification  of  the  felsite  where  it  comes  in  contact  with  the 
aplite  and  granite.  The  silicification,  however,  is  not  limited  to 
where  the  two  rocks  are  in  contact,  as  it  occurs  along  some  of  the 
joints*  (shown  dotted)  in  the  felsite. 

The  aplite  is  fine-grained  in  places,  almost  felsitic,  but  also 
occurs  of  a  coarse-grained  texture  and  graduates  into  a  yermicolite 
granite. 


GE0LCX3ICAL    SURVEY    OF    QUEENSLAND 


Plate    9 


fe/s/fes 


^^^^p/ited  Granite 


47 


PLATE   10. 

a 
Sections  is  Bailwat  Cutting  (B). 

A  felsite  mass  in  tlie  railway  cutting  (B),  shown  on  Map  1, 
has  been  intruded  by  a  diorite  dyke.  Subsequently  the  two  rocks, 
as  one  mass,  have  been  faulted,  and  in  the  resulting  fissure  an  aplite 
has  been  formed,  this  rock  graduating  into  a  clean  quartz  in  the 
smaller  parts  of  the  vein. 

8cale :  1  inch  =  8  inches. 


Aplite  and  pegmatite  granite  reins  ha?e  been  formed  in  the 
massi?e  syenite,  across  both  of  which  a  series  of  small  veins  of  aplite 
has  more  recently  been  formed. 

Scale :  1  inch  =  14  inches. 
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PLATE   11. 

Seotiok  IE  Bailwat  Guttivo  (6). 

In  ibis  section  tbe  diorite  (Bi.)  has  been  faulted,  and  a  mass  o{ 
Termiculite  granite  (G-r.)  has  been  formed  in  the  fissure.  Across  tbe 
diorite  and  granite  some  veins  of  aplite  (Ap.)  and  quartz  have  been 
subsequently  formed. 

Scale :  1  inch  =  3  feet. 
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PLATE   12. 

Section  in  Kailwat  CuTriNG  (C). 

In  this  section  the  massive  iine-grained  granite  has  been  broken 
up  into  blocks,  and  faulted  along  the  joint  planes.  The  character  of 
the  faulting  and  the  formation  of  short  gashes  show  that  the  granite 
has  not  been  in  a  rigid  condition. 

The  veins  of  the  vermiculite  granite  are  probably  the  equivalent 
of  the  granite  in  the  section  on  Plate  11,  while  the  massive  rock 
would  be  the  equivalent  of  the  oldest  (a)  granite.  {See  Plate  19.) 
The  vermiculite  granite  is  coarse-grained.  Under  the  microscope 
the  felspar  is  seen  to  be  decomposed,  and  while  some  of  the  mica, 
evidently  undecomposed  biotite,  is  strongly  pleochroic  and  coloured 
green,  other  portions  are  not  pleochroic  and  are  coloured  deep  brown. 

Scale  :  1  inch  =  6  feet. 
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PLATE   13. 

a 
Sectioit  betwein  Eailwat  Cuttings  (E)  and  (F). 

The  Bection  indicates  that,  without  any  apparent  faulting,  an 
opening  has  been  made  in  the  syenite  in  which  a  G-inch  vein  of 
coarse  pegmatite  granite  has  formed.  The  branch  fissure  appears  to 
have  originated  simply  by  the  widening  of  a  crack,  the  irregularities 
in  the  top  and  bottom  walls  showing  they  were  once  in  contact. 

Scale :  1  inch  =  14  inches. 

h 
Sbcjtion  in  Railway  Cittting  (F). 

A  diorite  has  been  dislocated,  and  in  the  fissures  which  have 
been  opened  veins  of  fine-grained  biotite  (6)  granite— marked  Gr.  2— 
have  been  formed.  Afterwards  the  dicgrite  and  the  veins  of  fine- 
grained granite  have  been  disturbed  and  faulted,  and  the  opening 
made  has  been  filled  with  a  vein  of  coarse-grained  (c)  vermiculite 
granite  (marked  G-r.  3). 

To  produce  the  effect  shown  in  the  illustration — the  faulting  of 
one  of  the  veins  of  the  granite  (G-r.  2)  apparently  without  the 
other — the  later  faulting  has  taken  {)lace  at  an  angle  with  the  plane 
of  section,  being  approximately  alonj^  the  direction  of  the  strike  of 
the  branch  vein  inclined  to  tlie  left,  this  als«>  l)eiug  along  the  direc- 
tion of  dip  of  the  vein  inclined  to  the  right. 

Scale :   I  inch  =  5  inches. 
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PLATE  14. 

8KCT10N  IN  Bailvat  Cuttiwo  (F). 

A  diorite  (Di.)  has  enveloped  a  ^^horse'*  of  felsite  (Fe.),and across 
the  felsite  and  diorite  some  rermiculite  (c)  granite  veins — marked 
Vg. — have  been  formed.  The  shape  of  the  veins  of  granite  shows 
that  openings  had  been  made  in  the  diorite,  and  that  (c)  granito 
subsequently  filled  them — the  granite  being  an  after  effect  of  the 
disturbance  of  the  diorite. 

Scale :  1  inch  =  I  foot. 
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PLATE  15. 

a 
Section  ik  BAiLWAr  CvxriirQ  (G). 

The  diorite  (Bi.)  has  penetrated  a  fault  in  a  large  inclusion  of 
felaite  (Fe.).  The  &ulting  took  place  at  an  angle  with  the  plane 
of  section,  and  the  upper  portion  {a)  of  the  felsite  has  moved  forward 
over  the  lower  portion  (li). 

Scale:  1  inch  =  18  inches. 

h 
Section  in  Eailway  Cttttino  (G). 

The  section  represents  a  vein  of  (c)  vermiculite  granite — 
marked  Gr. — in  the  diorite  (D).  The  contact  of  the  granite  and 
the  diorite  is  sharply  defined,  and  the  junction  of  the  two  veins  well 
shown.  In  the  branch  vein  trending  to  the  left  the  granite  changes 
gradually  to  aplite  (A  p.)  and  vermiculite  pegmatite,  the  aplite  being 
oear  the  walls  and  the  pegmatite  along  the  centre. 

S(»le ;  I  inch  =  1^  inchefl. 
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PLATE   16. 

Section  rw  Eailwat  Cutting  (Q-). 

In  this  section  a  mass  of  quartz -felsite  (Q.  Fe.)  has  been  faulted, 
and  the  resulting  fissure  has  been  filled  with  a  friction  breccia. 

Diorite  (Di.)  was  then  forced  through  the  line  of  fault, 
forming  small  subsidiary  honzontal  offshoots  in  the  quartz -felsite, 
and  leaving  the  breccia  on  the  footwall. 

Subsequently  a  vein  of  fine-grained  (5)  or  (c)  granite — marked 
Gr.  in  the  section — has  formed  across  the  diorite  and  the  older 
rocks,  the  final  stage  being  the  simple  dislocation  of  the  formations, 
along  the  plane  of  which,  and  as  the  result  of  expansion  and  con- 
traction, movements  may  now  be  taking  place.  On  either  side  of 
thifl  joint  plane  the  rocks  are  compact  and  well  cemented  together. 

Scale :  1  inch  =  5  feet. 
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PLATE  17. 

a 
Section  in  Railway  Cutting  (G-). 

The  diorite  in  this  section  contains  a  vein  of  {h)  vermiculite 
granite — marked  Or. — across  both  of  which  some  leaders  of  (c) 
aplite  and  micro-pegmatite  have  been  formed.  The  section  is  in 
some  respects  similar  to  the  one  shown  on  Plate  13,  Fig.  (A),  but  in 
the  latter  biotite  is  present. 

Scale :  1  inch  =  12  inches. 


h 
Sectiobt  in  Eailwat  Cutting  (G). 

A  vein  of  (c)  aplite  has  formed  across  both  diorite  and  the 
qnartz-felsite.  The  aplite  is  fine-grained,  but  occasionally  large 
flakes  of  vermiculite  mica  are  to  be  seen  in  it.  The  vein  is  wide  in 
the  diorite,  and  gradually  pinches  out  in  the  quartz-felsite.  The 
gradual  tapering  of  the  walls  of  the  vein  indicate  the  diorite  and 
quartz-felsite  to  have  the  same  degree  of  plasticity  at  the  time  the 
fissure  was  opened  across  them. 

Scale :  1  inch  =  2  feet. 
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PLATE  18. 

Section  tk  Railway  Cuttiitq  (O). 

In  the  diorite  a  fissure  has  been  opened,  and  then  filled  with  a 
yermiculite  granite.  The  section  illustrates  an  apparent  dislocation 
of  the  granite  vein,  but  the  faulting  is  only  apparently  so,  the 
diorite  being  disturbed  and  the  fissure  produced  before  the  granite 
came  into  existence.  The  section  indicates  that  the  diorite  was 
BuflScientlj  plastic  to  allow  some  portions  to  be  extended  without 
fracture—otherwise  such  a  section  would  be  impossible.  The  section 
is  not  uniformly  to  scale,  but  it  shows  all  the  salient  points. 

The  same  effect  appears  to  haye  taken  place  in  the  quartz- 
felsite  as  well  as  in  the  diorite  shown  in  Fig.  &,  Plate  17. 

S(;ale :  1  inch  =  14  inches  (approx.), 
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PLATE  19. 

DlAQBAMlffATIC   SflOTIOK. 

This  illustration  is  a  key  or  diagrammatic  section  showing  the 
relation  of  the  systems  of  rocks  to  one  another  at  Moonmera. 

The  granite  and  syenite  (Grr.)  and  felsites  (Fe.)  are  the  oldest 
rocks,  the  relation  to  one  another  not  being  known.  Faults  in  the 
felsites  have  been  formed,  and  in  this  a  breccia  (Br.)  has  accumu- 
lated. Another  breccia  (C.  Br.),  copper- bearing,  and  very  massive, 
has  formed  above  the  granite.  The  diorite  (Di.)  dykes  penetrate 
the  felsites  and  disturb  the  breccia,  but  their  intrusion  of  the  old  (a) 
^granite  and  syenite  has  not  yet  been  observed.  The  intrusion  of 
the  felsites  by  diorite  has  resulted  in  portions  of  the  former  rock 
1)eing  detached  and  included  in  the  latter. 

Since  the   diorite  intrusions  some   veins   of  vermiculite   (b) 

granite — marked  Yg. — have  come  into  existence  in  the  massive  (a) 

granite  and  syenite,  and  in  the  diorite  and  felsites.     Veins  of  (c) 

aplite  and  pegmatite — marked   Ap. — have  formed  across  the  (b) 

granite  veins  and  the  older  rocks,  and  then  were  faulted.      The 

copper-bearing  breccia  and  granite  have  been  denuded  in  places, 

resulting  in  the  accumulation   of  a   surface  deposit  of  irregular 

copper-bearing  si^ndstone  (C.  S.),  and  on  which  the  Coal-Measure 

rocks   (C.  M.)   have  been  deposited.      Weathering   of    the    Coal 

Measures  above,  and  of  the  granite,  syenite,  diorite,  felsites,  and 

l)reccia  below,  have  then  taken  place,  and  is  in  progress  at  the 

present  time,   while  alluvial  deposits  containing   gold  have  been 

concentrated  in  the    watercourses    leading    down  from  the  high 

country. 
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I -GOLD  DEPOSITS  NEAR  MOUNT  UBI,  WEST 

OF  THE  BLACKALL  RANGE, 

(PLATE   1.) 


^lanj  years  ago,  gold  was  found  in  small  quantities  close  to  Mount 
I'bi,  and  in  other  localities  near  the  Mary  J^iver,  -west  of  the  Blackall 
Raiirre ;  but  new  life  has  been  infused  into  the  work  of  prospecting  by 
recent  developnientH,  and  a  nuniber  of  men  are  now  vigorously  search- 
ing for  gold-bearing  veins  and  alluvial  deposits.  An  examination 
by  tlio  writer  was  made  of  tlie  localities  around  Walli  Creek  and 
Chinaman's  Creek,  two  tribut-aries  of  the  Mary  Kiver,  situated  about 
20  miles  in  a  direct  line  westerly  from  Nam  hour,  a  station  on  the 
Brisbane-Gympie  Kailway  Lino,  and  about  25  miles  south-westerly 
from  Kumundi. 

The  country  passed  over  in  going  to  the  field  from  £umundi  is 
mostly  granite  until  Belli  Creek  is  reached,  where  slate  makes  its 
aj)pearance.  The  slate  continues  to  Mount  Ubi  Station,  near  Tamlyn 
Creek,  and  on  to  Walli  and  Chinaman's  Creeks,  where  granite  reappears 
with  diorite,  both  forming  intrusions  in  the  slate. 

At  Walli  Creek,  the  site  of  some  recent  mining  operations,  syenite 
and  diorite  form  a  coarse  breccia,  the  syenite  occumng  as  a  dyke 
in  the  larger  mass  of  diorite,  and  including  in  itself  fragments  of  the 
diorite.  Polished  sections  of  tlie  breccia  show  it  to  be  an  attractive- 
looking  building  stone,  the  syenite  being  coarse  in  texture  and  mottled 
black  and  white,  the  fragments  of  the  diorite  being  about  two  inches  in 
diameter,  of  a  bluish-black  colour,  and  fine  in  texture,  llie  rock  is 
compact,  free  from  decomposition,  takes  a  fine  polish,  and  could  l)e 
obtained  in  large  blocks. 

Ottrelite  slate  is  stated  to  occur  in  situ  near  the  workings  which 
have  been  sunk  in  prospecting  for  gold  on  Walli  Creek.  Fragments 
of  the  rock  were  picked  up  on  the  surface  near  one  of  the  shiifts,  but  its 
exact  position  could  not  be  determined.  Prohably  it  occurs  close  to 
the  junction  of  the  slat-e  with  the  syenite. 

Quartz  reefs,  large  and  small,  have  l)een  fomied  where  the  diorite, 
granite,  and  syenite  are  in  contact  with  one  another,  and  close  to  where 
thev  toffether  are  in  contact  with  the  slates.  The  reefs  or  veins  which 
are  gold-bearing,  however,  are  very  small,  frequently  nan*owing  to  an 
inch  in  thickness  and  occasionally  disappearing  completely.  They 
yield  good  prospects,  but  the  syenite,  granite,  and  diorite  forming  the 
walls  are  so  hard,  and  the  cost  of  mining  consequently  so  great,  that 
the  yields  of  gold  from  such  small  veins  would  require  to  be  several 
ounces  to  the  ton  to  make  the  working  of  them  profitable. 

Other  reefs  exist  in  the  neighbourhood,  which  could  not  be 
examined  at  the  time ;  but  they  are  said  to  be  bold,  strong  reefs,  some- 
times four  feet  in  thickness,  but  containing  only  traces  of  gold. 


On  Walli  Creek,  about  two  miles  above  its  junction  with  the  Mary 
River,  three  quartz  veins  have  been  prospected  by  Messrs.  Booker  and 
party,  the  positions  of  the  various  workings  being  indicated  respec- 
tively on  the  accompanying  plan  (Plate  1)  by  the  letters  A,  B,  C,  D, 
and  E.  At  the  position  marked  A,  situated  low  down  on  the  side  of  the 
Jiill  and  close  to  the  creek,  the  country'  rocks  are  slate  and  syenite, 
between  which  there  is  a  vein  of  quartz,  llie  outcrop  of  the  vein  is 
exposed  in  the  bank  of  the  creek,  and  ai^jears  to  strike  north  and 
south,  with  an  underlie  of  tabout  60  degrees  from  the  vertical,  and 
having  a  general  thickness  of  a  few  inches,  but  enlarged  in  one  place  to 
eight  inches.  Tlie  vein  was  searched  for  a  short  distance  away  from  the 
outcrop  in  a  shaft  28  feet  deep,  but  it  was  not  found,  probably  pinchinp^ 
out  altogether. 

Further  up  the  bank  of  the  creek,  at  the  junction  marked  B,  a 
trial  hole  and  trench  have  been  sunk  in  granite,  exposing  a  quartz  vein 
varying  from  an  inch  to  six  inches  in  thickness,  and  containing  traces 
of  gold,  and  having  an  underlie  to  the  east-south-east  at  about  an  angle 
of  20  degrees  from  the  vertical.  Nothing  was  observed  to  encourage 
further  prospecting  on  the  vein. 

At  the  "position  marked  C  on  the  i>lan  another  excavation  has 
been  made,  but  the  workings  have  fallen  in,  and  have  not  been 
reopened. 

A  shaft  was  sunk  at  tlie  place  marked  1),  to  a  depth  of  16  feet,  but 
the  vein  expected  to  l)e  found  was  not  discovered,  evidently  pinching 
out  just  below  the  surface  close  to  the  position  marked  E,  where  the 
outcrop  occurs.  At  E,  another  sliaft  on  the  hillside  has  been  sunk  in 
diorite  to  a  dej)th  of  18  feet,  but  witlioui  nieeting  the  vein  exposed  on 
the  surface.  It  is  here  that  tlie  svenite-dioi  ite  breccia  occui*s,  men- 
tioned  above  as  being  a  fine  ornamental  building  stone. 

Close  to  the  east  side  of  the  shaft  at  E,  are  other  workings.  They 
have  exposed  the  vein  which  was  once  considered  sufficiently  encourag- 
ing te  warrant  this  shaft  being  sunk,  but  with  the  results  above  stated. 
Copper  carbonates  occur  in  traces  in  this  vein. 

At  Allan's  mine,  situated  on  the  top  of  Allan's  Ridge  (see  accom- 
panying plan),  about  a  mile  north-east  from  Booker's  workings,  the 
country  is  slate  alternating  with  subangular  slate  conglomerate,  neither 
granite  nor  syenite  being  met  with  in  the  mine  workings.  A  few- 
hundred  yards  south  of  the  mme,  however,  there  is  an  outcrop  of  what 
appears  to  be  a  decomposed  granitic  rock,  which,  at  some  considei-able 
depth  below  the  surface,  might  be  in  contact  with  the  veins  which  are 
known  to  occur  here. 

Five  veins  are  exposed  on  tlie  surface  at  this  mine ;  all  are  very 
small,  have  a  north  and  south  strike,  and  are  nearlv  vertical.  No.  1 
Vein  has  been  penetrated  in  a  tunnel  driven  to  a  distance  of  76  feet^ 
being  met  with  at  66  feet.  The  vein  is  about  four  inches  thick,  with 
about  three  inches  of  a  clay  casing,  and  underlies  at  al)out  an  angle 
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of  10  degrees  from  the  vertical.  It  is  said  to  contain  gold,  but  none 
of  tlie  stone  lias  been  taken  out  for  trial.  Tiie  tunnel  was  continued 
10  feet  beyond  No.  1  Vein  with  the  object  of  striking  No.  2  Yeiq,  but 
has  not  been  driven  far  enough,  the  distance  between  No.  1  and  No.  2 
Veins  on  the  surface  being  20  feet.  , 

No.  3  Vein,  20  feet  away  from  No.  2,  varies  from  two  to  seven 
inches  in  thickness,  with  an  average  of  four  inches.  It  was  worked 
from  the  sui'face  to  a  depth  of  15  feet,  and  several  tons  of  stone  were 
removed,  but  the  work  ceased,  and  the  mine  is  now  abandoned  and  the 
workings  fallen  in. 

No.  4  Vein,  15  feet  away  from  No.  .*5,  has  been  worked  by  a 
vertical  shaft  to  a  depth  of  112  feet.  The  vein  was  discovered 
accidentally  about  eight  feet  from  the  surface,  has  an  average  thickness 
of  five  inches,  but  varies  from  half  an  inch  to  15  inches.  It  is  gold- 
bearing  from  top  to  bottom,  and  two  tons,  specially  tested  to  prove  its 
value,  yielded  over  two  ounces  of  gold  to  the  ton.  This  certainly  is  the 
most  promising  vein  on  the  field. 

No.  5  Vein  has  been  exposed  in  a  shallov/  shaft  about  40  feet 
north-west  of  the  shaft  on  No.  4  Vein.  It  is  about  five  inches  thick  in 
one  place,  but  in  a  distance  of  a  few  feet  it  pinches  to  two  inches,  with 
several  inches  of  a  clay  casing.  Good  prospects  can  be  obtained  from 
the  st-one  by  crushing  and  panning  off  in  a  dish. 

Tlie  alluvial  deposits  are  mostly  confined  to  Chinaman's  Creek, 
although  gold  was  found  many  years  ago  at  Tamlyn  Creek  and  in  one 
of  the  watercourses  le^iding  into  Walli  Creek.  (See  plan.)  The  China- 
man's Creek  alluvial  deposits,  up  to  the  time  of  the  inspection,  have 
only  l)een  prospected  in  a  desultory  manner,  and  little  information 
could  be  jrleaned  as  to  the  result*  which  were  obtained  bv  the  miners ; 
but  from  the  more  recent  operations  of  the  Mount  Ubi  Gold  Mining 
Syndicate,  it  would  seem  that  while  individual  prospecting  does  not 
pav,  the  vields  are  satisfactorv  when  the  work  is  conducted  svstem- 
atically  and  on  a  large  scale. 

On  Allan *s  Kidge,  dividing  Walli  Creek  from  the  heads  of  China- 
man's Creek,  the  veins  and  lea  dot's  are  no  doubt  the  source  of  the  gold 
found  in  the  alluvial  deposits,  as  the  rock  pebbles  and  fragments 
forming  the  "  wash"  are  identical  with  the  rocks  found  on  the  ridge 
in  Jtj'fu. 

It  has  been  supposed  that  mining  operations  would  be  more  suc- 
cessful if  the  alluvial  gold  were  traced  to  the  veins  from  which  it  has 
been  shed,  as  the  gold  Avould  be  found  to  be  more  concentrated  in  the 
veins  than  in  the  alluvial  deposits.  While  this  might  be  so,  it  is  more 
probable  that  the  gold,  shed  from  the  numerous  small  veins  and  leaders 
which  would  not  pay  to  work  on  Allan's  Ridge,  only  becomes 
sufficiently  concentrated  to  make  the  working  of  it  practicable  when  it 
is  washed  into  the  alluvial  deposits  of  the  creek  below. 

2nd  September,  1004. 


II —THE  IRONSTONE  OF  MOUNT  LUCY. 

CHILLAGOE  DISTRICT. 

(PLATES  2  AND  3.) 


Mount  Lucy  is  one  of  several  prominent  hills  around  Almaden,  a 
station  on  the  Chillagoe  Railway  Line,  and  has  received  attention  at 
various  times  because  of  the  large  deposits  of  ironstone  which  are 
known  to  occur  on  it.  Quite  i*ecently  it  was  prospected  by  a  miner 
for  wolf  ran  J,  who  mistook  the  ironstone  for  this  mineral,  wliich  it 
peculiarly  resembles  in  some  of  its  characters.  The  tests  which  have 
l)een  applied,  however,  show  that  it  does  not  even  contain  traces  of  this 
mineral. 

Mount  Lucy  is  situiited  about  three  miles  westerly  from  Almaden, 
and  is  close  to  the  coach  road  to  GeorjjetowTi,  Between  Mount  Lucy 
and  Almaden,  the  hills  are  all  composed  of  a  hornblende-biotite  granite 
containing;  aplite  dykes,  quartz  leaders,  and  small  iri*egular  quartz 
masses.  Further  west  of  Mount  Lucy  the  granite  does  not  appear  on 
the  surface,  the  rocks  exposed  being  shales,  calcareous  sandstones,  and 
altered  liinestonos.  To  the  south  and  north,  the  prevailing  rock  is 
granite. 

At  the  base  of  the  mount,  both  on  the  eastei-n  and  southern  sides, 
granite  is  exposed,  and  near  the  southern  extremity  the  same  rock 
rises  up  to  within  50  feet  of  the  top.  From  the  latter  position  the 
granite  has  a  northerly  slope,  and  is  further  exposed  in  the  gap 
between  the  two  peaks  (shown  in  Fig.  1,  Plate  2),  then  sinks  below  the 
garnet  rock  forming  the  noitliern  end.  On  the  western  side  the 
granite  is  tlanked  by  chert  and  quartzite,  which  has  been  formed,  by 
alteration,  from  limestone. 

From  the  occurrence  of  rocks,  which  are  not  ironstone,  on  all 
sides  and  on  some  parts  of  the  top  of  Mount  Lucy,  it  is  clearly  shown 
that  ironstone  forms  a  veiy  small  portion  of  its  bulk. 

The  longitudinal  section  (Fig.  1,  Plate  2)  shows  the  position  of  the 
granite,  the  ganiet-rock,  and  the  ironstone  capping:  while  the  cross 
section  (Fig.  2,  Plate  2)  showing  the  rock  structures  across  the  lower 
of  the  two  peaks  on  the  hill,  indicates  the  granite  to  be  the  main  rock, 
between  which  and  the  chert  and  quartzite  on  the  western  side,  a  mass 
of  garnet'-rock  has  been  formed. 

The  outcrops  of  garnet-rock  on  the  hill  are  partly  decomposed,  but 
some  portions,  which  are  unaltered,  on  exaniination  prove  to  be  the 
garnet  variety,  Andradite.  Tlie  ganiet-rock  has  }>ecome  disjointed  in 
many  places,  and  the  cracks  have  been  filled  with  silica,  while  much 


GEOLOGICAL  SURVEY  of  QUEENSLAND 


PLATE  Z 


MTLUCY  SECTIONS 


Fig.l 
Longitudinal    Section 
Showing  the  (0  CranHe,(2)  the  Sedimentary  Rocks, 
(3)  the  Garnet  Rock &(4)1helron6tone  Capu 
Length  of  Section  about  400  feet.  Height  of  Southern  P^ak  about  ISO  feet 


Ironstone 
Sedimentary  Rocks 


CB) 

V^  Garnet  Rock 


GranHe 


Flg.2 

Cross  Section  on  A  B  (Fig  I) 

(Length  of  Section  about  300  feet) 


>  Sedimentary  Rocks  ^  Comet  Rock     ^  Granite 


of  the  garnet  baa  been  changed  to  magnetite.  In  ttiiii  condition  the 
rock  hafl  l>een  eubjected  to  exposure  and  to  Hurfiice  Icacliing.  and  the 
remaining  portiona  of  garnet-rock,  while  retaining  their  fomi  where 
crAMallised,  hiivo  been  to  n  great  extent  convened  into  friable 
nw{;tietile. 

Tlie  occurrence  of  garuct  in  association  with  linicKtone  and  granite 
has  jjreviously  been  referred  to  by  the  writer  in  n  description  of  the 
rocks  nt  Itiiriiiuiidoo,  in  the  niadatonc  district,*  and  of  those  at 
Cliillagne.t  Further  refeieiice  need  not,  tJieieforc,  be  made  here  on 
ihcir  general  chariicters  and  their  relationK  to  one  anotlier. 

An  additional  feature,  however,  has  iwen  noticed  in  the  occurrence 
of  the  Mingnetite  in  chert,  the  former  lieing  n  pseudnniorph  after 
•TiLiiiet.  the  hitter  rexuhing  from  the  alteration  of  limestone.  Boulders 
of  this  niutlled  rock  occur  in  the  northern  end  of  Mount  Lucy,  a  sketch 
i4  one  liein<;  Iiere  rcjiroduced.  Cig-  1-)  Tliey  show  that  where  the 
contact  of  ihe  Unieslone  with  granite  takes  place,  the  andraditc  garnet 
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has  formed,  frequently  as  large  massive  cryKtals,  and  that  before  the 
alteration  of  the  garnet  took  place,  the  limestone  was  altered  to  chert 
and  quartzite,  the  garnet  altering  to  magnetite  at  a  subserguent  stage. 
The  limestones  do  not  outci-op  close  to  the  mount,  but  are  esjiosed 
aI>out  half  a  mile  to  the  west,  where  they  are  somewhat  silicilied  and 
coarsely  crj'Ntalline.  Closer  to  the  mount  the  rocks  are  soft  shales  and 
calcareous  sandstones,  while  at  its  base  the  chertK  are  to  be  found  ns 
small  rugged  outcrops  exposed  several  feet  above  the  surrounding  soil. 

*  (l«olo)[ii*l  sod  Uill«nl  Fefttnrea  ot  Digluni  GrMh.  Bvmundoii,  Ulkdatone  Dla- 
trict,  Ac.  By  B.  D.  Brisb. :  By  Auth.,  1901,  ptge  12.  (G.S.Q.,  P.  No.  163.)  (Bnll 
No.  16.) 

t  ".Sfline  Cbillkgiw  Gmlngical  NoWh,"  in  Ann.  Prog.  R«port  of  the  Geol.  Surv. 
lor  1900.    <G.3.y.,  P.  No.  liW.) 
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No  opj)ort unity  has  been  afforded  to  thorouglily  examine  these  cherts, 
80  at  present  no  opinion  can  be  formed  as  to  whether  tliey  contain  any 
microscopic  organisms. 

Wollastonite,  with  chert,  foniis  very  conspicuous  outcrops,  the 
li^ht  colour  of  the  former  and  the  dark  colour  of  tlie  latter  being  very 
noticeable  features.  The  wollustonite,  in  weathering  very  easily,  helps 
to  exaggerate  the  rugged  structure  of  the  chert,  which  stands  out 
boldly,  while  the  wollastonite  is  worn  down  into  crevices  and  hollows. 
A  sketch  of  this  is  shown  in  Fig.  1,  Plat-e  o. 

All  the  data  accumulated  during  the  examination  indicate  the  iron- 
stone to  be  onh*  a  sliallow  deposit,  and  there  is  no  evidence  to  show 
that  it  forms  anything  more  than  n  cap  to  the  mountain.  The  iron- 
stone is,  ill  ftifu,  confined  to  tlie  tt>p,  having  its  highest  position  at  the 
south  end,  and  gradually  falling  towards  the  north  end.  There  is  no 
indication  of  its  extejiding  below  tlie  surt'aco,  except,  j>erhaps,  where 
the  ironstone  is  close  down  to  the  level  of  the  plain  on  tlie  northern 
end.     {Set'  Fig.  1,  Plate  2.) 

The  total  length  of  the  mount  is  about  900  feet,  while  its  width  at 
the  base  is  about  250  feet,  the  height  above  the  surrounding  country' 
being  about  150  feet.  The  average  thickness  of  ironstone  is  roughly 
estimated  to  be  50  feet,  its  width  to  be  about  50  feet,  and  its  length 
al)Out  700  feet.  With  these  dimensions  the  number  of  tons  of  ironstone 
on  tlie  cap  of  Mount  Lucy  would  be  about  250,000  tons.  Adding  to 
this  the  large  quantity  strewn  all  around  the  sides  of  the  mount,  which 
amounts  to  about  100,000  tons,  there  will  be  a  total  of  :550,000  tons,  a 
fair  estimate  of  the  quantity  of  ironstone  actually  in  sight. 

The  mineralogical  characters  of  the  ironstone  show  it  to  be 
between  magnetite  and  hematite.  Its  ciystalline  fonn  is  that  of 
magnetite,  while  in  colour  and  streak  it  resemble®  hematite.  Some 
of  the  crystals  may  be  isomorphous  after  garnet^  but  there  is  no  doubt 
that  some  of  the  magnetite  has  been  formed  without  being  an 
alteration  product  of  this  mineral. 

28th  June,  1905. 
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Ill— TESTING  SAMPLES  FOR  PROSPECTORS. 


Samples  of  ore  are  constantly  being  received  by  the  Geological 
Survey  Office  from  minei's  and  others  who  desire  to  know  the  com- 
mereial  value  of  the  minerals  thev  contain,  but  the  conditions  to  be 
fulfilled  are  not  generally  observed,  neither  are  the  samples,  except  in 
rare  instances,  properly  prepared  for  assay. 

Minerals  and  rock  specimens  requiring  simple  cla.ssification  are 
examined  unconditionally,  but  a  stipulation  is  niade  that  those  who 
require  fire  assays  or  chemical  analyses  of  minerals  should  be  pros- 
pectors, and  also  that  the  samples  are  from  localities  which  are  not 
well-defined  centres  of  mininjr  developnjent,  but  rather  where  the 
country  is  being  developed  after  having  been  abaiidoned,  or  where 
previously  no  prospecting  work  has  been  undertaken. 

These  conditions  are  objected  to  by  many,  but  our  desire  is  simply 
to  assist  in  the  work  of  mineral  discoveiy,  and  this  object  is  attained 
by  attending  to  the  requirements  of  the  prospector.  When  assays  are 
made  for  buyers  and  sellers  of  j^aix^els  of  ore,  or  for  the  purpose  of 
company  flotation,  the  schedule  cliai'ges  ai*e  insisted  upon.  The 
privilege  of  obtaining  free  assays  from  the  Department  is  no  doubt 
abused  to  some  extent^  but  this  evil  might  be  tolerated  in  view  of  the 
good  results  which  accrue  in  so  many  other  ways. 

There  is  another  condition  which  most  prospectors  take  exception 
to  at  first,  but  whicli,  nevertheless,  is  quite  in  reason — that  is,  making 
known  the  locality  from  which  the  samples  were  obtained.  An  average 
of  about  10  per  cent,  of  the  samples  tested  give  returns  which  show 
that  the  minerals  they  contain  are  in  payable  quantities,  the  90  per 
cent,  being  of  no  present  commerci.al  value.  Of  the  latter,  about  60 
[)er  cent,  are  not  even  of  prospective  value,  the  remaining  30  per  cent. 
I)ossibly  being  valuable  in  years  to  come — when  facilities  for  raining 
development  and  for  transport  become  better,  and  when  some  of  the 
minerals  now  worthless  will  no  doubt  be  found  useful  in  some  of  the 
manufacturing  industries. 

It  is  also  verv'  important  that  the  .absolutely  valueless  mineral 
deposits — the  60  per  cent. — should  be  recorded  to  indicate  the  locali- 
ties where  prospecting  work  ha.s  been  futile.  It  is  now  known  that 
duplicate  assays  have  been  made  of  minerals  from  the  same  locality, 
separate  pa.rcels  being  sent  by  different  individuals,  each  of  whom, 
perhaps,  was  not  aware  that  others  had  furnished  similar  samples  to  be 
tested.  Were  particulars  supplied  regarding  the  localities,  this  dupli- 
cation of  assays,  and  the  expense  incun*ed,  would  be  avoided. 

Another  advantage  resulting  from  the  possession  of  this  infor- 
mation would  be  in  enabling  advice  being  giA'-en  to  miners  who  wish  to 
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further  prospect  a  mineral  deposit  previously  examined.  Miners  could 
be  given  the  results  of  previously  made  assays  and  tests  of  mineral 
deposits  they  propose  to  operate  upon,  if  such  have  been  made,  and  this 
mi<rht  result  in  encouragement  being  given  to  further  development,  or, 
on  the  other  hand,  might  indicate  that  such  work  would  entail  waste  of 
labour  and  money.  It  has  frequently  happened  that  a  party  of  miners, 
in  reopening  an  ab«andoned  mine,  would  not  liave  started  operations  had 
they  known  beforehand  the  result  of  assays  made  for  those  who 
previously  worked  the  mine. 

The  preparation  of  samples  for  assay  and  for  mineral  classification 
is  quite  simple,  ajid  should  hardly  need  a  description.  Nevertheless, 
parcels  of  stone  are  frequently  received  which  consist  perhaps  of  a 
couple  of  pieces,  and  which  cannot  be  considered  average  samples. 
For  the  dtttrmituttion  or  classification  of  any  mineral  species,  good 
clean  pieces  are  desired,  and  the  quantity  should  not  be  too  small. 
In  the  estimation  of  quantities,  such  as  the  percentage  of  copper  or  tin, 
or  tlie  number  of  ounces  of  gold  or  silver  per  ton,  it  is  necessary  to 
carefully  prepare  the  samples.  Many  will  break  off  a  piece  of  stone 
from  a  lode  a.nd  from  that  expect  a  result  indicating  the  average  yield 
of  the  wliole  mass,  and  fail  to  see  that  in  such  a  test  rich  stone  may  be 
overlooked.  On  the  other  hand,  the  specimen  might  give  a  rich  return, 
and  will  perliaps  result  in  money  being  spent  in  developing  the  deposit 
of  mineral,  after  which  it  might  be  found  that  the  bulk  of  the  stone  is 
either  barren  or  too  poor  to  pay.  The  man  who  supplies  the  funds  for 
carrying  on  operations  might  think  the  prospector  had  deceived  him 
as  to  the  quality  of  the  stone,  or  both  might  think  the  stone  was  not 
properly  tested  in  tlie  laboratory,  and  put  the  blame  on  the  assayer. 

The  better  method  of  siunpling  is  to  take  stone  from  all  exix)sed 
places  on  the  lode,  which  must  then  be  crushed  and  mixed,  and  afterwards 
quartered.  One  quarter  is  tlien  more  finely  crushed  and  again  mixed 
and  cjuartered,  the  operation  l>eing  repeated  until  the  bulk  is  reduced 
sufficiently  to  make  a  sniall  linely-crushed  sample  weighing  two  or 
three  pounds.  When  this  is  not  practicable,  very  small  pieces — say, 
fifteen  to  tlie  ounce — should  be  chipped  off  all  exposed  places,  from 
which  a  sample  is  taken  after  finely  crushing  and  mixing.  This  will 
give  a  fairly  satisfactory  result,  although  not  so  accurate  a.s  the  former 
method.  It  would  also  be  as  well  to  include  a  large  chip  of  the 
mineral  as  a  guide  to  its  classification. 

Attention  should  also  be  given  to  the  forwarding  of  samples. 
They  should  have  sonie  distinguishing  mark,  and  this  should  be 
referred  to  in  the  letter  of  advice.  Many  samples  received  ai*e  without 
marks,  which  causes  confusion,  ajid  the  greatest  care  has  to  be  exer- 
cised in  identifying  post-marks,  or  in  comparing  handwriting,  in  order 
to  avoid  samples  from  one  individual  being  mistaken  for  those  sent  by 
another. 

2:Jrd  Tanuai-v,  1905. 


IV -MONAZITE  IN  QUEENSLAND. 


For  some  time  past  moiiazite  has  l)een  known  to  occur  in  the 
beach  sajids  on  the  coast  of  Queensland,  and  numerous  sajnples  have 
))een  sent  to  the  Geological  Survey  Office  for  the  examination  of  their 
Tnonazitic  contents. 

Many  years  ago  the  beach  sands  near  the  mouth  of  the  IVeed 
Eiver  were  prosjjected  for  gold,  and  in  a  small  quantity  of  the  sand 
purchased  by  ih'is  office  from  Mr.  D^yer  there  were  detected  platinum 
and  osmiridium,  a  concentrated  sample  of  which  yielded  on  assay 
26.12  per  cent,  of  platinum  and  40.02  per  cent,  of  osmiridium.  In 
1903  another  sample,  purchased  from  the  same  miner,  was  found  to 
contain  a  monazite-like  mineral,  alluvial  gold,  2.16  per  cent,  of 
platinum,  and  1.61  per  cent,  of  osmiridium.  During  ^Lircli  and  May, 
1904,  other  samples  of  beach  sajid  from  near  the  mouth  of  the  Tweed 
were  .submitted  for  examination,  the  lirst  one  I'eceived  with  the  intima- 
tion tha.t  it  waj?  thought  to  contain  monazite.  In  May  an  inspection  of 
the  beach  sands  north  of  the  entrance  to  the  Tweed  Hiver  was  made  by 
Mr.  Ball,  who  obtained  sajnples  in  which  the  Government  Analyst 
detected  tlie  [iresence  of  4.3  per  cent,  of  earths  of  tlie  cerium  gi'oup 
{calculated  as  oxides  and  including  0.4  per  cent,  of  thoria).  Subse- 
quently information  was  received  tlmt  the  beach  miners  were  obtaining 
tinstone,  a  concentrated  sample  of  Avhich  yielded  r)4  per  cent,  of  tin. 
Thia,  on  a  later  inspection,  was  contirmed  by  Mr.  Ball,  wlio«e  report 
has  already  been  published.* 

Tlie  presence  of  the  monazitic  sands  at  the  Tweed  has*  resulted  in 
other  parts  of  the  coast  being  prospected,  and  a  bulk  sample  from  the 
mouth  of  the  Johnstone  River,  obtained  through  Dr.  MacDonald,  of 
Geraldton,  was  forwarded  by  the  Department  of  Mines  during  March, 
1904,  to  the  Imperial  Institute  in  London  for  examination. 

Tlie  locality  from  which  this  .sample  wa.s  taken,  according  to  Mr. 


*  Q.G.M.  Jour.     Feb.,  Vol.  vi.,  1905.    Pp.  02.(»7. 
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Jolin  Cameron,  is  inside  the  entrance  to  the  river  on  the  south  side, 
and    is    shown    on    the    accompanying    sketch    plan.      Mr.    Chap- 
Fig.  2. 


PL  AX   SIIOWIXG    POSITION    OP   MOXAZITIC   SAXDS,   JOHNSTONE   RIVER. 
(Monazific  De-po^Ut  cUoruj  dotted  line  from  A  to  A.J 

man,  who  has  been  examining  the  beach  deposits  in  the  neiphbourhood 
of  the  Johnstone  Kiver,  states  that  there  ai'e  no  iron-bearing  sands  on 
the  beach  on  the  north  side  of  tbe  river,  and  lie  is  of  opinion  that  the 
ocean  beach  on  the  south  side  of  the  entrance  would  vield  more  heavy 
minerals  than  the  locality  from  which  the  analysed  sample  was  taken. 

This  concentrated  material  was  then  analvsed  in  the  Scientific 
and  Technical  Department  of  the  Imperial  Institute,  and  gave  the 
following  result : — 


?tili(n,  SiOo         

Titanium  oxule,  TiO, , 

Zirdcmiuni  (ixide,  Zrl),. 

Thorium  oxide  (thoria),  ThO, 

Aluinina,  Al„Os  

Yttria,  Y.Oa     ...  

Ferric  ox  ide,  Fe.^ O.^ 

Fern  iuh  « »x  ide,  FeO     

Maiigunous  oxide,  MiiO 

Copjier  oxide,  CuO      

Lime,  CiiO         

Ma^iesia,  MgO  

Cerous  oxide,  CeO       

Phosphoric  acid,  P.  O 5 

Niobic  oxide,  Xb-O-,    \ 
Tantalic  oxide,  TaaO^  J 

Moifiture  


7.59  per 
44.r>i» 
1.06 
0.S3 

i.4r» 

0.10 
1.24 
3fi.38 
2.79 
0.05 
0.79 
1.16 
0.46 
0.41 

0.78 

0.8 


cent. 
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These  results  indicated  the  presence  of  the  minerals  ilmenite, 
quartz,  garnet^  zircon,  magnetite,  monazite,  and  possibly  tantalite  in 
the  "concentrate,"  and  this  was  confirmed  by  microscopical  examina- 
tion.  The  proximate  composition  of  the  concentrated  mineral  may, 
therefore,  be  taken  as — 


Ilmenite  (Fe,  Mn.  Mg)0,  TiOs        84.0  i)t>r  cent. 

Magnetite,  FejO*        1.8 

»» 

Zircon,  ZrO,,  SiOj.      1.4 

»» 

Quartz,  3iO-      4.4 

'» 

(Tamet  and  other  silicates  containing  alumina,              5.0 

»» 

lime  and  magnesia 

Monazite*'           1.2 

»» 

Tantalite            0.9 

«» 

Moi«tuw»             0.8 

«t 

♦  A  iKirtion  of  the  ilioria  may  ije  prosput  as  thorite  ahoriura  wlicaiei. 

The  only  constituents  of  the  sand  likely  to  be  of  immediate 
commercial  value  are  the  oxides  of  thorium  and  cerium.  The  amount 
of  thoria  present  in  the  *' concentrate '*  is  only  0.2.1  per  cent.,  and  in 
the  crude  mineral  0.05  per  cent.,  and  the  proportion  of  cerium  oxide 
0.16  per  cent,  in  the  ''concentrate"  and  0.10  per  cent,  in  the  original 
sand. 

Material  as  poor  in  these  oxides  as  the  present  sample,  or  even 
the  **  concentrates ''  prepared  from  it  at  the  Imperial  Institute,  wouW 
probably  not  Drove  remunerative  to  work  under  jjresent  conditions. 
At  the  present  time  the  value  of  the  "  concentrates  ''  as  a  source  of 
thoria  would  probably  not  exceed  £2  10s.  per  ton,  assuming  that  it 
would  pay  to  extract  thoria  from  such  material. 

The  percentage  of  thoria  could  doubtless  be  increased  by  removing 
the  magnetite  and  ilmenite  by  magnetic  separators,  but  it  would 
seem  hopeless  to  attempt  to  compete  by  these  means  with  the  Brazilian 
monazitic  s.ands,  which  constitute  at  present  the  principal  commercial 
source  of  thoria  ;  these,  in  the  concentrated  form  in  which  they  are 
exported,  yield  from  5  to  8  per  cent,  of  this  oxide.  A  mineral  found 
in  Ceylon,  and  discovered  to  be  a  new  mineral  (thorianite)  by  analysis 
at  the  Imperial  Institute,  contains  as  nmch  as  70  to  80  per  cent,  of 
thoria,  and  therefore  is  of  greater  value  than  any  other  source  of 
thoria.     The  quantity  available  appears,  however,  to  be  small. 

The  percentage  of  cerium  oxide  in  the  Queensland  sand  is  double 
that  of  the  thorium  oxide,  but  the  demand  for  the  former  is  very 
limited,  since,  in  the  construction  of  mantles  for  incandescent  gas 
lighting,  only  1  per  cent,  of  ceria  is  used  to  about  99  per  cent,  of 
thoria. 

Titanium  oxide  is  present  in  the  concentrate  to  the  amount  of 
44.59  per  cent.,  corresponding  to  9.27  of  the  crude  sands. 

*  *  *  *  *  it  * 

The  only  other  constituent  of  the  sand  likely  to  possess  commer- 
cial value  is  the  tantalum.     Kecent  experiments  have  shown  that  this 
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metal  can  be  uned  as  a  filament  in  electric  glow  lamps,  and  such  lamps 
are  now  on  the  market.  The  **  concentrate "  prepared  from  the 
iiueensland  sand  contained,  however,  only  0.78  of  tantalic  and  niobic 
oxides,  80  that  it  i«  improbable  that  this  material  could  be  used  as  a 
coininercial  source  of  tantalum  in  competition  with  the  other  richer 
tantaiuin  minerals  available. 

Durinjr  an  examination  by  tlie  writer,  in  December,  1904,  of  the 
wolfram  fields  of  Northern  Queensland,  tests  were  made  of  a  heavy 
mineral  occurrinjr  at  several  localities  on  the  Walsh  and  Tinaroo 
Mineral  Fields,  which  the  miners  tliouorht  might  be  scheelite,  but 
whicli  blowpipe  and  other  tests  indicated  to  l>e  monazite  or  some 
mineral  closelv  allied  to  it.  As  the  mineral  in  two  of  the  localities 
occur  hf  ititu,  close  attention  was  paid  to  its  mode  of  occurrence.  The 
mineral  was  tirst  pointed  out  by  Mr.  MacMahon,  a  miner,  who  wanted 
to  know  if  the  lieavy  brown  mineral  being  found  in  small  quantities 
^ith  alluvial  tin  around  Fossilbrook  was  of  any  value.  Later  on,  the 
monazite  was  identified  at  licimford.  Old  Wolfram  Camp,  Emuford, 
Ord,  and  Cooljrarra,  occurring:  onlv  in  tnices  on  some  of  the  fields, 
while  in  others  its  presence  in  quantity  constituted  a  serious  hindrance 
to  the  cleaning  of  the  wolfra.m  associated  with  it. 

The  monazite  has  only  been  found  m  situ  where  wolfram  deposits 
pay  to  work,  so  probably  other  richer  deposits  are  known  which 
have  been  passed  over  because  of  the  absence  or  scarcity  of  wolfram 
in  them. 

The  miners  have  tiu'own  it  away  a-s  worthless  because  the  wolfram 
dealers,  knowing  it  was  not  scheelite,  have  refused,  repeatedly,  to  take 
it  at  any  price.  A  wolfram-mining  venture  in  one  place  failed,  and 
the  mine  was  abandoned,  because  the  supposed  scheelite  could  not  be 
sold,  while  at  another  locality  a  wolfram  miner  had  accumulated  a 
large  quantity  of  it,  and,  without  considering  its  prospective  value  in 
other  respects,  was  pleased  to  be  told,  in  time,  that  it  was  not 
Bclieelite,  thus  saving  the  expense  of  drej«$ing,  bagging,  and  forwarding 
by  rail  to  Cairns. 

Later  on,  furtlier  details  of  the  monazite  deposits  will  be  given  in 
ccmiection  with  the  report  being  prepared  on  the  wol&am  fields  of 
Queensland,  but  in  the  meantime  some  infonnation  concerning  it  may 
be  here  given  for  the  benefit  of  those  interested  in  the  matter. 

The  colour  of  tlie  mineral  varies  from  deep  reddish-brown,  clove- 
brown,  light-brown,  to  light  brownish-yellow,  presenting  frequently 
the  colour  luid  lustre  of  "  resin*'  tinstone.  It  is  semi-translucent  on 
the  edges  and  in  thin  flakes,  but  otherwise  is  opaque.  The  lustre  is 
somewhat  resinous  on  a  fractured  surface,  but  is  glassy  or  shining  on 
fresh  cleavage  faces.  It  has  distinct  cleavages  in  three  directions  (as 
well  as  others  not  easily  recognised),  somewhat  resembling  in  appear- 
ance the  rhombohedral  cleavage  of  calcite. 
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With  a  knife  blade  nioiiazite  can  he  scratched  without  difi&culty; 
but,  bein^  i-ather  brittle,  and  separatinjx  readily  into  cleavage  flakes, 
some  Rpecimens  crumble  when  scratched,  and  give  the  impression  that 
the  mineral  is  rather  soft. 

Tlie  specific  gravity  is  high,  being  5.04  (equivalent  to  iron 
pyrites)  ;  and,  while  this  makes  it  troublesome  to  separate  from  the 
wolfram  in  the  dressing  of  that  minenil,  it  affords  a  very  ready  means 
of  distinguishing  it  from  most  other  minerals  otherwise  resembling  it. 

Topaz,  scheelite,  and  felspar  are  minerals  commonly  found  with 
the  wolfram,  and  bv  tlie  novice  may  ea.silv  be  mistaken  for  monazite. 
The  topaz  may  be  known  by  its  extreme  hardness  (being  scratched 
with  a  knife),  but  otherwise,  in  rough  specimens,  particularly  in 
colour,  it  has  been  ol)served  to  much  resemble  monazite. 

The  scheolite,  which  may  be  scratched  with  a  knife,  is  but  a  little 
heavier  than  monazite  and  sometimes  resenibles  it  in  colour,  but  the 
three  distinct  cleavages  are  absent.  The  felspar,  in  its  colour  and 
cleavage,  niay  be  mistaken  for  monazite,  but  it  has  not  a  resinous 
lustre;  besides,  it  is  so  nmch  lighter  in  weight,  and  is  not  so  readily 
scratched  with  a  knife.  The  blowpipe  reactions  are  also  useful  tests  in 
distinguisliing  these  four  minerals  from  one  another,  but  tlie  tests 
cannot  be  applied  by  those  having  no  experience  in  blowpipe  work. 

Tlie  monazite  w\ns  observed  to  occur  in  pure  crystalline  masses, 
sometimes  several  pounds  in  weight,  and  also  in  small  cleavable  grains. 
Both  forms  are  irregidarly  disseminated  in  quartz,  black  mica  (biotite), 
and  chloritic  micii,  and  are  in  association  with  wolfram,  molybdenite, 
scheelite,  tinstone,  tiiiorspar,  and  misi)ickel.  With  the  exception  of 
wolfram,  these  associated  minerals  are  only  in  comparatively  small 
quantities. 

The  deposits  containing  the  monazite  are  in  granite  country,  but 
close  to  quartz-i)orphyiy  and  slate.  In  the  granite,  and  also  at  the 
junction  of  this  rock  with  the  porphyry  and  slate,  irregular  masses  of 
greisen  have  been  formed  fi'om  the  alteration  of  the  granite,  and  it  is 
in  this,  following  closely  the  behaviour  of  the  wolfram,  that  the 
monazite  deposits  are  to  be  found. 

Tlie  size  of  the  monazite  masses  and  the  percentage  of  the  mineral 
in  the  greisen  lodes,  are  abnormally  high  when  compared  to  foreign 
monazite  deposits,  and  no  doubt  a  large  quantity  of  it  could  be 
obtained  as  a  by-product  in  the  mining  of  wolfram. 

Tlie  most  important  foreign  monazite  deposits  are  in  Brazil  and 
in  the  State  of  South  Carolina,  United  States.  Tlie  Brazilian  mines 
in  1902  produced  about  811  tons  of  monazite  sand,  having  a  per- 
centage of  from  5  to  8  per  cent,  of  thoria  (the  substance  so  valuable 
in  the  manufacture  of  incandescent  gas  mantles),  the  total  value  being 


10 

£16,898  19s.  2d.,  or  about  £20  16s.  per  ton.  The  South  Carolina 
mines  in  1903  produced  340  tons  of  monazite  sand,  valued  at  £13,464, 
or  about  £35  per  ton. 

A  preliminaiy  analysis  of  a  clean  sample  of  the  Queensland 
nnonazite  yielded  66  per  cent,  of  ceriuni  and  other  rare  earths  (Govern- 
ment Analyst).  A  commercial  sample,  uncleancd  and  without  any  con- 
centration, yielded  2.6  per  cent,  of  thoria,  and  56.1  per  cent,  of  oiides 
of  the  cerium  and  yttrium  groups  (Basil  Turner).  This  sample,  if  con- 
centrated or  picked  to  obtain  clean  mineral,  would  probably  3-ield  3 
per  cent,  of  thoria,  which  at,  say,  £5  per  unit,  would  show  the  monazite 
to  be  worth  £15  per  ton.  This  return  certainly  warrants  further 
attention  being  paid  to  the  occurrence  of  the  deposits  as  an  increase  of 
2  per  cent  of  the  thoria — making  5  per  cent. — would  be  worth  about 
£8  per  unit,  or  about  £40  per  ton  of  monazite. 

17th  Mav,  1905. 


V.-A  SOIL  SURVEY  FOR  QUEENSLAND. 


The  advantages  which  would  result  from  having  a  survey  made 
of  thi-  soil  aivas  in  cwiain  parts  of  (^uoonsland  have  boon  so  saliHfac- 
torily  demonstrated  that  nothing  need  be  stated  here  in  support  of  the 
proposition  made  that  one  should  be  undertaken.  Sometliing,  how- 
ever, may  be  added  regarding  the  carrying  out  of  such  a  project. 

A  soil  survey,  it  must  be  clearly  understood,  nmst  be  very  thorough 
in  its  work  if  good  results  are  to  be  expected  of  it,  and  this  can  only 
be  achieved  by  its  establishment  on  a  proper  basis,  and  by  the  employ- 
ment of  men  having  a  scientific  training. 

Anierican  j)ractice  in  this  respect  has  been  very  successful,  and 
may  be  taken  as  a  guide  for  us  to  follow.  There,  it  has  been  shown, 
the  work  of  collecting  information  is  being  performed  by  a  staff  of 
men  who  are  closely  in  touch  with  a  geological  and  mineral  survey, 
and  in  some  of  the  States  all  the  s]»ecialists  in  geology,  mining, 
agriculture,  &c.,  comprise  the  staff  of  what  'n^  termed  a  geological  and 
natund  history  survey. 

Economy  and  general  utility  liave  been  made  the  basis  of  the 
amalgamation,  as  it  was  found  that  information  bearing  on  soils, 
minerals,  rocks,  physical  features,  timbers,  itc,  could  be  collected  by 
the  one  survey  party,  leaving  much  of  the  details  to  be  worked  out  in 
the  laboratories  by  the  mineralogist,  petrologist,  palaeontologist, 
chemist,  botanist,  entomologist,  and  other  specialists. 

In  our  own  Geological  Survey  most  of  the  work  of  the  staff  is  con- 
nected with  the  mining  industry,  and  the  increasing  demands  made  on 
it  in  connection  with  the  examination  of  mines  and  mining  districts 
leaves  no  time  to  devote  to  work  of  a  more  general  character.  With 
the  proposed  soil  survey,  and  the  existing  geological  survey,  however, 
the  nucleus  of  a  geological  and  natural  history  sui^vey  could  be  estab- 
lished, which  in  course  of  time  would  so  develop  that  the  work  of  its 
officers  would  be  apj)lied  to  other  industries  besides  mining  and  agricul- 
ture. 

A  reference  to  this  subject  was  made  in  last  year's  Progress 
KeiM)rt  of  the  (Geological  Survey,*  showing  that  information  should  be 
accumulated  about  all  mineral  ])roducts  which  could  be  utilised  for 
industrial  purposes,  such  as  mineral  fertilisers,  pottery  and  brick- 
making  material,  ornamental  and  building  stones,  cement-making 
material,  mineral  lubricants,  and  mineral  paints. 

2r>tli  February,  1905. 


•  Ann.  Rep.  Dopt.  of  Mines,  1903,  p.  172. 
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VI -BORING  FOR  COM  NEAR  TOWNSVILLE. 

(PLATE  ♦.) 


An  iuRpection  by  tho  writer  was  made  recently  of  the  develop 
nients  in  coal  proKpecting  close  to  Townsville,  on  the  Northern  Railway 
Line,  and  while  engaged  on  thin  work  some  data  was  accumulated 
regarding  the  position  and  depths  of  some  of  the  bores  put  down  many 
years  ago. 

In  a  report  on  coal  near  Townsville,*  Dr.  Jack  refers  to  the  eiist- 
enco  of  coal  measures  in  a  railway  cutting  at  Stewart's  Creek,  64  miles 
from  Townsville,  on  the  railwav  line,  in  which  a  small  seam  of  coal  was 
exposed.  The  analysis  of  a  sample  of  this  coal  gave  tlie  following 
results : — 

Analysis  of  tSmaU  Coal  Seam,  Stewart's  Creek  Railway  Cutting. 

Volatile  matter  (including  water)    ...     53 '84  per  cent. 
Fixed  carbon  ...  ...         ...     37'87       „ 

Ash  8*^9 
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The  remarks  appended  show  that  *'  the  coal  is  of  a  remarkably 
high  quality,  whether  for  gas-making  or  steaming  purposes.  Should 
a  similar  seam  be  discovered  of  workable  thickness,  a  great  impetus 
would  be  given  to  the  manufacturing  industries  of  the  North.'' 

In  1888  another  report  (unpublished)  was  made  by  Dr.  Jack  on 
the  same  subject,  having  special  reference  to  some  bores  sunk  at 
Stewart's  Creek  for  the  purpose  of  testing  the  measures  containing  the 
small  seam  of  coal  referred  to  above. 

The  examination  made  by  the  writer  included  an  inspection  of  the 
various  bore  sites  and  tho  coal-measure  outcrops,  together  with  tho 
eruptive  rocks  in  the  vicinity,  and  the  opinion  >^as  formed  that  the 
bores  have  been  put  down  too  close  to  the  eruptive  rocks,  and  that  it 
would  have  been  better  to  have  sunk  further  north-west,  even  if  tho 
drift,  which  has  been  found  to  be  of  considerable  thickness  in  the  borei, 
were  expected  to  be  deeper  before  the  measures  were  penetrated. 

The  rocks  exposed  on  the  surface  near  the  railway  show  that  shales 
and  gieywackes  are  interbedded  with  sheets  of  basalt  and  with  volcanic 
tuffs  containing  impressions  of  G I osito pterin,  the  disturbed  conditions 
which  generally  prevail  indicating  that  if  a  coal  seam  were  found  it 
would  prove  to  be  unworkable. 

*  Qeolofrical  ObaervationR  in  the  North  of  Queensland,  1880-7.      R.L.J.      BKsb. : 
By  Auth.,  1887,  p.ige  14.     (G.9.Q.,  P.  No.  35.) 
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Two  other  borcH  have  Ihjoii  put  down  at  Stewart's  Creek  by  tbe 
Xudli  Queensland  Collieries  Company,  the  two  bores  beiiija:  1,000  ftH>t. 
Hpart.  No.  1  Nortli  Queenshmd  Collieries  Coniimny'H  bore  was  sunk 
ill  190:5  to  a  depth  of  VX)  feet  by  a  calyx  drill,  then  continued  to 
•J59  feet  by  a  diamond  drill.  No.  '2  North  (iueensland  Collieries 
Company's  l)oro  was  sunk  in  11)04  to  a  dei)th  of  2'5.'5  feet  by  a  jumper 
drill. 

At  Antil  Plains  a  bore  is  being  sunk  in  coal  measures,  but  the 
results,  80  far,  have  not  been  successful. 

The  following  is  a  list  of  bores  and  shafts  which  have  been  put 
down  at  various  times  about  Stewart's  Creek,  and  their  i)Ositions  are 
shown  on  the  accompanying  plan.    (Plate  i.) 

STEWARTS    CREEK   COAL   BORES    AND    SHAFT. 
*Twaddles  No.  1  Bore — 

Position — One  chain  south  of  Hasweirs  Shaft. 

Record — 89  feet  deep  in  drift.    Abandoned. 
*Twaddles  No.  2  Jiore — 

Position — At  south-west  corner  of  Portion  100. 

Record — 101  feet  in  drift.    Abandoned. 

*Twaddle«  No.  •']  Bore — 

Position — At  south-east  corner  of  Portion  100. 

Record — 59  feet  in  drift,  then  struck  porphyiy.    Abandoned. 
*Twaddlos  No.  1  Bore — 

Position — At  the  middle  of  western  side  of  Portion  100. 

Record — 109  feet  in  drift,  then  39  feet  7  inches  in  bedded  sand- 
stones. 
*Sinipson  and  Rodger's  Bore  -  - 

Position — In  Portion  99,  20  chains  from  northeni  boundary  of 
Portion  100. 

Record — 50  feet  deep  in  drift.     Abandoned. 

^UaswcH's  Shaft — 

Position — Seven  chains  east  of  Simpson's  Bore. 

Record — ii  feet  deep  in  drift.    Abandoned. 
*Townley  Coal  Company's  Bores — 

Position — Sunk  within  a  few  inches  of  one  another,  30  chains 
south  of  Portion  100,  on  Reserve. 

Record  of  No.  2  Bore — Drift,  26  feet;  sandstones  and  shales,  59 
feet;  trappean  rock,  15  feet;  total,  100  feet.  Bore 
abandoned  because  of  an  accident. 

Record  of  No.  1  Bore — Drift,  26  feet:  Raudstones  and  shales,  58 
feet ;  total,  74  feet. 


'Report  (M.S.,  No.  19)  by  Dr.  R.  L.  Jack,  dated  Townsville,  29tb  May,  1888. 
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Shallow  bore— 

Poeition — In    Portion    122v,    west    of   Townley   bores,    between 

creek  and  railway. 
Kccord — In  drift:  depth,  10  feet  (?). 

North  Queensland  Collieries  Company's  No.   1   Bore — 
Position — In  Portion  150,  south  of  Portion  8v. 
Record — Drifts  78  feet :   coal  measures,   181  feet  (coal  traces  at 

86  feet,  coaJ  and  sliale  band  at  12.3  feet,,  7-inch  coal  seam 

at  12.3  feet):  total,  2r)9  feet. 

North  Queensland  Collieries  Company's  No.   2   Boi^e — 
Position — 1,000  feet  south  of  No.  1  bore. 

Record — Drift,  .3.3  feet  :  co4il-measure  sandstones  and  slialv  sand- 
stones,  200  feet  G  inches;  total  depth,  233  feet  G  inches. 

North  Queensland  Collieries  Conij^ny's  No.   3   Hoi-o — 
Position  -Near  Antil  Plains  Railway  Station. 
Record — Coal-measure  sandstones  ;  depth,  1 

16th  Februarv,  1905. 
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VII.— THE  TESTING  OF  QUEENSLAND  COALS. 


The  industrial  importance  of  having  a  series  of  practical  tests 
made  of  the  numerous  varieties  of  Queensland  coals  has  become  so 
very  evident  of  late  that  some  details  of  the  methods  which  should  be 
adopted  in  an  investigation  might  be  added  to  the  remark  made 
previously  in  the  Geological  Records,  No.  1,  of  1904. 

It  may  be  stated,  in  the  beginning,  that  we  have  coals  in  Queens- 
land which  appear  to  be  suitable  for  every  purpose,  whether  for  steam- 
raising,  coke-making,  gas-making,  smiths'  work,  or  domestic  uses. 

For  steam-raising  there  are  a  great  number  of  good  coals  which 
can  be  utilised  for  general  work,  some  being  best  adapted  for  use  in 
locomotive  boilers,  while  others  are  more  suitable  for  firing  marine 
boilers.  Of  the  latter  class,  a  few  have  the  rare  quality  of  being  smoke- 
less, and,  therefore,  other  conditions  being  favourable,  adapted  to  the 
requirements  of  the  Admiralty. 

Many  of  the  coals  are  well  suited  fur  coke-making,  and  some  of 
these,  with  upto-date  plants  for  washing  and  coking,  would  make  coke 
of  the  finest  quality. 

In  the  manufacture  of  gas  for  illumination,  many  of  our  coals 
are  being  used  extensively  at  the  present  time,  and  their  value  in  this 
respect  is  fairly  well  known.  In  the  production  of  gaseous  fuel,  little 
is  known  as  to  their  suitability,  and  more  information  on  the  question 
is  much  desired. 

The  results  of  numerous  tests  which  have  been  made  from  time  to 
time  are  undoubtedly  satisfactoiy,  so  far  as  they  go,  but  no  standard 
tests  have  been  made  showing  all  the  qualities  of  the  different  classes 
of  coal;  and  at  the  present  time  a  con.sumer  of  coal  has  to  find  out,  in 
the  best  way  be  can,  which  coal  suits  his  particular  requirements.    For 


22 

example,  the  agent  of  an  English  firm  deaircd  to  introduce  a  plant  fr»r 
making  producer  gas  for  fuel  purposes,  and  want-ed  particulars  as  t^ 
the  merits  of  the  coals  on  the  market.  This  information  could  not  be 
pupplied,  and  necessitated  the  firm  making  its  own  inquiries  and  con- 
ducting it«  own  exi)eriment8  to  determine  whether  the  coals  which 
could  he  obtained  answered  the  purpose. 

Such  tests  should  be  made  officiallvi  and  would  be  for  Uie  benefit 
of  that  particular  firm  or  any  others  who  desired  to  introduce  some 
innovation  by  which  .the  consumption  of  coal  would  be  encouraged. 

If  ironworks  were  established  in  Queensland,  and  the  respectiTc 
merits  of  the  coals  were  recjuired  to  !)o  known,  the  desired  information 
could  not  at  present  be  given  except  in  a  general  way. 

The  naval  authorities  require  for  their  warships  a  coal  possessing 
certain  characteristics.  Thoy  have  made  trials  of  Home  of  our  coals,  mnd 
are  anxious  to  make  further  experiments,  and  for  that  purpose  want 
Queensland  coal  supplied  to  them.  Such  experiments  and  tests  should 
also  be  tried  here  accoi-ding  to  some  standard,  the  results  of  which 
would  help  the  Admiralty  in  avoiding  the  trial  of  inferior  coals,  and 
would  be  of  considerable  assistance  to  those  who  might  desire  to  open 
up  a  coal  trade  to  countries  outside  Australia. 

The  oversea  traffic  in  Queensland  coal  is  somewhat  limited,  and 
vcskoIr  Jiave  not  taken  kindlv  to  the  class  of  coals  which  here  have  been 
offered  to  them.  It  is  known  that  some  firms  condemn  Queensland 
coal  generally  because  of  the  failure  of  shipments  from  one  locality, 
but  it  should  be  pointed  out  to  the  shipper  that  there  are  to  be  obtained 
several  kinds  of  (Queensland  coal,  some  of  ^hich  would  be  bound  to 
answer  their  purpose,  and  were  tlie  standard  tests  carried  out  we 
would  be  able  to  show  beyond  doubt  that  no  necessity  arises  for  their 
going  outside  Queensland  for  their  requirements. 

The  Railway  Department  use  large  quantities  of  coal  on  their 
locomotives  and  in  their  workshops,  and  information  as  to  the  quality 
of  the  coal  on  the  different  fields  would  indicate  those  which  would  beet 
suit  them. 

'J1ie  necessity  of  making  standard  tests,  however,  would  not  arise 
were  tlie  coal  supplies  of  (Queensland  limited  in  quantity,  but  there  are 
ready  for  development  immense  reserves  of  coal  in  both  the  Southern 
and  Central  districts,  and  recent  discoveries  show  that  the  Northern 
district  will  possibly  be  a  i)roducer  of  coal,  even  of  anthracite,  in  the 
future. 
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The  methods  to  adopt  in  testing  would  take  into  considerar 
tion  all  the  qualities  of  a  coal,  so  as  to  determine  their  fitness  for 
stationarj,  marine,  and  locomotiTe  boilerf*,  for  cokeiuaking  and  for 
smelting  furnaces,  for  use  in  smiths'  forges  and  for  domestic  purposes, 
and  for  the  making  of  gas  for  fuel  and  for  illumination. 

The  examination  should  include  the  following  tests : — 
Ultimate  chemical  analysis. 
Approximate  chemical  analysis. 
Estimation  of  calorific  values  by  formula;. 
Tests  in  a  standard  calorimeter. 
Calorimeter  tests  in  a  standard  boiler. 
Trials  in  a  locomotiye  engine. 
Trials  in  a  marine  engine. 
Trials  showing  behaviour  in  transit. 

Trials  showing  liability,  or  otherwise,  to  fl|K>ntaneou8  com- 
bustion. 
Trials  in  a  coking-oren. 
Trials  in  a  gas  retort 
Trials  in  a  gas  producer. 

Tile  trials  and  tests  should  be  under  the  control  of  a  number  of 
[)rofes8ional  men,  each  to  be  a  8))ecialist  thoroughly  acquainted  with 
some  branch  of  the  work,  and  whose  experience,  j.ersonal  supervision, 
and  interest  in  the  work  would  guarantee  the  tests  being  carried  out 
faithfully  and  systematically. 

The  constitution  of  such  a  body  of  jirofessional  men  must  neces- 
sarily ]tc  composed  of  an  analytical  chemist  to  undertake  the  chemical 
analyses  and  the  laboratory  calorimeter  work,  and  marine  and  loco- 
motive engineers  to  supervise  the  boiler  tests.  Tlie  coking  and  the 
gas  experiments  would  be  conducted  by  men  expert  in  those  branches, 
while  a  ji^eologist  would  be  held  renponsible  for  the  production  of  the 
bulk  samples  from  the  mines,  would  define  tlie  position  and  character 
of  the  seams  of  coal  from  which  the  .saniples  would  be  obtained,  and 
also  furnish  other  geological  data  concerning  the  ])robable  supply  of 
coal  on  the  fields. 

The  above  would  form  a  coal-testing  board  on  the  lines  of  many 
such  other  boards  which  have  accomplished  similar  work  in  other 
countries,  all  the  members  of  which,  with  one  or  two  exceptions,  could 
De  selected  from  officers  in  the  Government  service. 

6th  February,  1905. 


VIII -MINERAL  NOTES. 


AGATE  AT  LlTfLE  lUVEIi. 

Little  River  is  a.  Email  stream  whicli  is  cnxssed  on  the  coach  route  . 
betneeu  Georgetown  and  Croydon,  and  the    position    oi    the    agate 
depoRits  examined  by  the  writer    is  nbout    -iO    iniloi!    esNterly  froiri 
Croydon. 

The  surface  rocks  nre  principiilly  hesert  Sandstone  (T)  and  a 
partly  deconi]iosed  biisftli,  ihe  latter  evidently  being  older  than  the 
farmer,  as  the  agates  whicJi  hiive  Conned  in  tin-  luietilt  occur  us  pcbbleii 
in  tjie  sandstone. 

The  basalt  is  trnversfd  by  quartz  veins  evidently  fonned  »t  the 
KH.tiie  time  as  the  veHicies  in  the  basalt,  which  are  tilleil  with  agate, 
and  the  abuiidajice  of  agate  pebbles  on  tlie  surface  of  the  decomposed 
liasalt  indicates  that  a  liirge  area  of  this  rock  hast  been  subjected  to 
tlie  inliltration  of  silica.  'Ihe  Desert  .'Sandstone  (1)  is  in  part  changed 
to  "  liilly"  (the  surface  igtinrtzile  found  so  cnttntioiily  in  Queensland), 
and  nearly  all  the  hillK  around  nre  capped  with  it.  Below  the  beds  of 
sandstones  and  the  flows  of  liasnil  the  itH-ks  are  felsiles. 

The  uguies  are  nut  of  large  siiw,  four  inches  being  about  the 
niaxiiJiuiti  in  diaitieiei'.  Tlie  banding  and  colouring  are  l>eautiful  in 
some  of  the  Npeciiiietis  Kelei-ted  for  exaniinatiiin,  but  in  the  larger  sizes 
the  centre  is  usually  crystalline  i|uartx,  witJi  cnlcite  also  ocoasioiially 
present.  Some  speciiiieiis,  seciioned  and  |ioliKiied,  are  sliown  in  the 
Ueotogical  Sun'ey  MuKcuni.  Brisbane,  iitid  may  he  taken  an  types  ef 
Little  River  agates. 

At  lliL-  IVi'LV  liiver.  a]>ciut  611  miles  south  of  (Georgetown,  more 
extensive  deposits  of  a'.Mtcs  are  known  ;  here  the  nodulen  of  agates  are 
s&id  to  l)e  much  larger,  iitid  in  even  greater  abundance. 

GYPSUM  TWIN  CKYSTALS  AT  KUKAI.UNDA,  NEAK  BOWEN. 

Specimens  of  gypsum  (.leiietnition-twin  ciysials  liavu  been  received 
by  the  i;e<.lof.'ii.iil  Survey  Office.  Brisbane,  from  Kukalunda,  near  the 
Durham  Mine,  where  they  are  stated  to  ii.  I'ur  in  a  formation  in  granite 
close  to  sedimentary  rocks. 

Pig.  3. 


nrPBUK    I'ENKTH.l'l 


The  accompanying  figure  illustrate! 
drawings  being  made  to  natural  size. 


»-    CHTSTAI.N. 

:no  of  the  twin  crystals,  the 
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TELLURIDES  OF  GOLD,  SILVEE,  AND  LEAD  AT  GYMPIE. 

Two  tellurides,  Hessite  and  Altaite,  occur  in  a  number  of  places 
below  the  600>feet  level  at  the  No.  2  South  Great  Eastern  Mine, 
Gympie.  The  specimens  here  described  were  received  some  time  ago, 
but  have  only  recently  been  examined. 

The  Hessite  is  of  a  lead-gray  co}our ;  has  a  bright  metallic  lustre  ; 
fracture,  varying  from  irregular  to  sub-conchoidal ;  hardness,  about  2  ; 
and  sectile.  The  percentage  of  silver  in  the  mineral  is  50.339,  that  of 
the  gold  being  6.049.  Tellurium  percentage  undetermined ;  sulphur, 
absent ;  specific  gravity,  8.50. 

The  Altaite  is  remarkable  for  its  very  distinct  cubical  cleavage; 
the  colour  is  tin-white  on  a  fresh  facture,  which  rapidly  tarnishes  to  a 
greenish-yellow  bronze,  this  on  exposure  changing  to  pale  yellow- 
bronze;  hardness,  2^;  sectile.  The  blowpii)e  and  other  reactions 
indicate  the  presence  of  the  tellurium  and  lead,  with  traces  of  sulphur. 
The  percentage  of  gold  present  is  0.09,  that  of  silver  being  0.70; 
specific  gravity,  8.10. 

The  two  minerals  are  in  a  matrix  of  quartz  and  calcite,  and 
together  constitute  about  50  per  cent,  of  the  mass.  Native  gold  and 
minute  traces  of  a  brownish  mineral  (probably  siderite)  are  also 
present. 

CALCITE  CRYSTALS  WITH  PYRITES  INCLUSION,  AT  GOLDEN 

GATE,  CROYDON. 

(PLATE  5.) 

In  the  block  shaft  being  simk  at  Roger's  Extended  Mine,  on  the 
Golden  Gate  line  of  reef  at  Croydon,  a  quartz  reef  has  changed  into 
calcite,  in  the  cavities  of  which  calcite  ciystals  have  been  formed. 

Fi^re  2,  Plate  5,  shows  the  general  appearance  of  the  crystals  as 
they  appear  in  groups,  with  the  lines  of  pyrites  inclusions  passing 
through  them.  Figure  1,  on  the  same  plate,  illustrates  the  character 
of  the  twinning,  the  pyrites  dust  inclusions  on  the  terminal  faces,  and 
the  median  line  of  microscopic  crystals  of  pyrites  traversing  the  group 
of  calcite  crystals  at  right  angles  with  the  principal  axis. 

Brisbane,  8th  April,  1905. 


By  Authority:  Gkohoe  Arthtjk  Vauohan,  Goveniinent  Printer.  William  Ureet,  BribLane. 
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Young  Australian  Gold  Mine  and  Commoa- 
wealth  Bismuth  Mine,  Degilbo — No.  185. 
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186.  pp.  19,  20. 
Basalt,    north  of  Currajong  Creek,   Gin  Gin 
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31.  32. 
Cook  District— No.  180,  p.  24. 
Cook  District,  Coal  Outcrop,  half  mile  north- 
west of  the  37S-Mile,  Cooktown  Railway — 

No.  180,  p.  26.     (Section.) 
Cook  District,  Strata,  37-Mile,  Cooktown  Rail- 
way—No. 180,  p.  25.    (Section.) 
Cook  District,  Tunnel  on  Coal  Seam,  37S-Mile, 

Cooktown  Railway,  Plate  XII.— No.  180, 

p.  26. 
Cooktown  Railway— No.  180,  pp.  24,  25. 
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Cooktown  Wolfram  Beturns^No.  188,  p.  4. 
Oxslg-arra,  Herberton  District — No.  188,  p.  8: 

No.  192,  pp.  27,  28 ;  No.  196,  p.  li. 
Coolgarra  Tin  Company.  Return  Creek,  Her- 
berton Distrioi— No.  192,  pp.  14,  27. 
Coolgarra  Tin  Lodes,  Return  Creek,  Herber- 
ton District— No.  192,  pp.  13,  27. 
Cooper's   Creek,    Warwick   District— No.    186, 

p.  19. 
Coorooman— No.  194,  pp.  11,  22. 
Copper,    Commonwealth   Mine,   Degilbo — ^No. 

185,  pp.  4,  6,  7. 
Copper,  Mineral  Lease  No.  16,  Perry  Scrub- 
No.  184,  p.  13. 
Copper   (Native),    Mount   Mudloo,    Marodiao 

District^No.  179,  p.  14. 
Copper,  Mudloo  Copper  Minee— No.  179,  pp. 

3,  10,  11. 
Copper,    Perry  Scrub,   Burnett  District— No. 

184,  p.  6. 
Copper,  Pikedale  Silver  Mine,  Stanthorpe  Dis- 
trict—No. 191,  p.  25. 
Copper,  Silver  Crown  Mine,  near  Silver  Spur 

—No.  191.  p.  37. 
Copper,  Silver  King  Mine,  near  Silver  Spur- 
No.  191,  p.  37. 
Copper,  Silver  Queen  Mine,  Stanthorpe— No. 

191,  pp.  24,  39. 
Copper,  Silver  Spur  Mine,  Texas— No.  191,  pp. 

28,  29,  33,  35. 
Copper,    Sundown    Copper    Mine,    Sundown 

Creek— No.  191,  p.  21,  22. 
Copper  Carbonates,  Lease  No.  1968,  Tinaroo 

District— No.  188,  p.  13. 
Copper   Carbonates,   Many   Peaks,   Gladstone 

District-No.  194,  p.  28. 
Copper    Carbonate,    Mineral    Lease    No.    16, 

Perry  Scrub— No.  184,  p.  13. 
Copper  Carbonates,  Quartz  Vein,  Walli  Creek, 

Mary  River— No.  196,  p.  4. 
Copper  Deposits,  Cloncurry— No.  190,  p.  18. 
Copper   Deposits  in   the   Breccia,    Moonmera 

Copper  Mines— No.  196,  pp.  19,  20. 
Copper  Deposits  in  Cupriferous  Sandstones  at 

Moonmerar— No.  195,  pp.  23,  24. 
Copper    Deposits    in    the    Granitic    Rooks    at 
Moonmera    Copper    Mines — No.    195,    pp. 
20-23. 
Copper    Glance,    Moonmera    Copper    Mines  — 

No.  195,  p.  27. 
Copper  Lode,  Mount  Barker  Silver  Mines- 
No.  181.  pp.  15,  17. 
Copper  Lodes,   Mudloo— No.   179,   pp.   3,   12; 

Munna,  p.  12 ;  Thunder  Creek,  pp.  3,  12. 
Copper  Ore,  Biggenden  District — No.  185,  p.  5. 
Copper  Ore,  Mount  Barker— No.  181,  pp.  12, 

15,  16. 
Copper  Ore,  Mount  Flora,  Maokay  District- 
No.  181,  p.  10. 
Copper  Ore,  Pine  Vale,  near  Mirani,  Pioneer 

River— No.  181,  pp.  19,  20. 
Copper  Ore,  Texas  Copper  Mine — ^No.  191,  p. 

87. 
Copper    Ore    Assays,    Mount    Barker    Silver 

Mines— No.  18i,  p.  17. 
Copper  Ore  Assay,  Sundown  Mine,  Sundown 
Creek,  Stanthorpe— No.  191,  p.  22. 


Copper    Oxide,    Five-mile    Creek,    Gladstone 

District— No.  194,  p.  27. 
Copper  Pyrites,  Horn  Island  Reefs— No.  180. 

pp.  17,  19. 
Copper  Pyrites,  Irvinebank— No.  192.  p.  21. 
Copper  Pyritee,  Lancelot  Mine,  Newelton  Dis- 
trict—No. 192,  p.  27. 
Cc^per   Pyrites,    Moonmera   Copper   Mine*— 

No.  196,  p.  27. 
Copper  Pyrites,  Mount  Barker  Silver  Mine^— 

No.  181,  pp.  13,  16,  17. 
Copper  Pyrites,  Mount  Flora  Lodes— No.  181, 

p.  11. 
Copper    Pyrites,    Silver    Crown    Mine,    near 

Silver  Spur— No.  191,  p.  37. 
Copper  Pyrites,   Sunset  Beef,   Ravenswood— 

No.  183,  p.  4. 
Copper  Pyrites,  White  Rocks  Copper  Lease, 

Marodian  Field— No.  179,  p.  12. 
Copper  Returns,  Mount  Flora  Ore— No.  181, 

p.  11. 

Copper  Yield,  Knight  of  Gwyn  Copper  Mine. 
Thunder  Creek.  Marodian  Field— No.  179, 
p.  13. 

Copper  Yield,  Louisa  Mine,  Marodiafl  Dis- 
trict—No. 179,  p.  12. 

Copper  Yield,  Mount  Mudloo  Copper  Lease, 
Maiodian  Field— No.  179,  p.  11. 

Copper  Yield,  Pine  Vale  Ore,  Maokay  IXatrict 
—No.  181,  p.  19. 

Copper  Yield,  Queen  of  the  West  Mine,  Maro- 
dian Field— No.  179,  p.  10. 

Copper  Yield,  Silver  Spur  Mine,  Texas— No. 

191,  p.  26. 

Copper    Yield,    W^hite    Rook    Gqpper   Lesie, 

Marodian  Field— No.  179,  p.  11. 
Costello  Creek,  Keeroonghocda  Run — No.  177. 

p.  29. 
Cox  Creek,  Cape  York  Peninsula— No.  180, 

p.  9. 
Cragg's  Opal  Mine,  Horse  Creek,  near  Opsi- 

ton— No.  177,  p.  32. 
Crescent  Claim,  Kirk  Diggings,  Ravenswood- 

No.  183,  p.  11. 
Crescent  Creek,  Kynuna— No.  177,  p.  33. 
Cretaceous  Coals— No.  180,  p.  25. 
Cretaceous  Coals  of  the  Cook  District,  Report 

on  Recent  Prospecting  of  the — No.  I*. 

pp.  24-27. 
Cretaceous  Rocks— No.  177,  pp.  8,  9. 
Cretaceous  Rocks  (Upper)— No.  180,  pp.  7.  9, 

24. 
Croydon— No.  190,  pp.  13.  29;  No.  196,  p.  23, 
Cruickshank's  Tunnel,  Colo  Gold  Mine,  Maro- 
dian Gold  Field— No.  179.  p.  9. 
Crushing  Mill  erected  on  Horn  Island— No. 

180,  p.  19.     (Plate  VIH.) 
Cryptocrystalline  Magnetite,  Iron  Island— No. 

194,  p.  10. 
Crystalline  Grains,  Herberton  Tin  Field— Ko. 

192,  p.  10. 

Crystalline   Limest<Mi©.    GlassEord^    Gladsbwe 

District-No.  194,  p.  29. 
Crystalline  Quartz,  Little  River— No.  196.  P- 

23. 
Crystallised  Hematite,   White  Rooks  Coivw 

Lease,  Marodian  Field — No.  179,  p-  H- 
Crystallised   Quartz,    Broadwater  Creek-K© 

191,  p.  16. 
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Gi^rvenioza,  Opal  Mines,  Hungary — No.  177, 
p.  33. 

"Cuckoo    Sandstone,"    Chippendale's    Shaft. 
Mascotte  Opal  Mine— No.  177,  p.  25. 

OiiDon  Point,  Cape  York  Peninsular— No.  180 
p.  7. 

Cimnanralla  Mining  District— No.  177,  pp.  15, 
18. 

Cunnamulla  Opal  Mineral  Field— No.  177,    p. 
13. 

Cunnavalla  Creek,  near  Eromanga— No.   177, 
p.  23. 

G(innava])a  Opal  Mine,   near  Little  Wonder 
Mine.  Eromangar— No.  177,  p.  24. 

Cupriferous  Gossan,  Silrer  Crown  Mine,  near 
Silver  SpUr— No.  IW,  p.  87. 

Cupriferous  Sandstones,  Moonmem— No.  195, 
p.  14. 

Cuprite,  Moonmera   Copper   Mines — No.  195, 
p.  27. 

Cuprite,    Munna   Mine.    Marodian    District- 
No.   179,  p.  14. 

Onprile  Company,  Irrinebank,  Herberton  Dis- 
trict—No. 192,  p.  14. 

Cnpritd  Cooipany's  Mines,  Watson-rille,  Her- 
berton District— No.  192,  p.  15. 

Onrrajong  Creek,  Oin  Gin  District— No.  189, 
pp.  5,  8. 

Ciartta  Island,  Keppel  Bay— No.  190,  pp.  10, 
27,   28. 

Cutting  out  Kernels,  Yowah  Opal  Fields — ^No. 
177,  p,  17.    (Plate  VI.) 


Dagwortb  No.  1  Bore— No.  177,  p.  38. 

Dagwortb  Station— No.  177,  p.  33. 

Daisy  Creek,  Rookhampton  District — No.  195, 

p.  7. 
Dalesford,  Maryborough  District — No.  194,  p. 

50. 
Darling  Downs— No.  190,  p.  18;  No.  194^  p.  03. 
Dawea  Range— No.  194,  pp.  35,  36. 
Dawson  Coal— No.  190,  pp.  5,  14. 
Dawson-Mackenzie  Basin — No.  190,  p.  3. 
Dawson  and  Mackenzie  Coal — No.  190,  pp.  3, 

4,  5. 
Dawson  and  Mackenzie  Coal  Measures — No. 

180.  p.  7. 

Dawson  River— No.  190,  pp.  3,  14. 

Day  Dawn  Claim,  Eungella  Gold  Field— No. 

181,  p.  19. 

Dead  Cat  or  Mystery  Reef,  Horn  Island  Gold 
Field--No.  180,  p.  18.  {See  Geological  Re- 
port No.  112.) 

Deception  Creek,  Gladstone  District — No.  194, 
p.  28. 

Dee  River— No.  190,  pp.  7-9;  No.  194,  p.  15; 
No.  196,  p.  7. 

Dee  River  Nugget— No.  190,  p.  8. 

Deep  Creek,  Cook  District— No.  180,  p.  24. 

Degalgil  Creek,  Gladstone  District — No.  194, 
p.  27. 

Degilbo— No.  188,  p.  4;  No.  194,  pp.  49,  52. 

Degilbo  District,  Some  Manganese  Deposits  in 
the— No.  189,  p.  3. 

Degilbo  Manganese  Deposits — No.  189,  p.  9. 

Degilbo  Railway  Station — No.  185,  p.  4, 

De  Lazra's  Opal  Mine,  Stoney  (>eek,  Kee- 
roonghoola  Run— No.  177,  p.  27. 


Desert  Sandstone— No.  177,  pp.  8,  9,  10,  15. 

18,  19 ;  No.  180,  pp.  7,  8,  9,  10,  15,  24,  25 ; 

No.  181.  pp.  6,  7. 
Desert   Sandstone,   Kynuna   Opal   Field — No. 

177,  p.  32. 
Desert   Sandstone  (?),    Little   River— No.    196. 

p.  23. 
Desert  Sandstone,   Lushington   Mines.   Paroo 

Mining  District— No.  177,  p.  21. 
Desert    Sandstone,    McGregor's     Range — No. 

177,  p.  24. 
Desert  Sandstone,    Pride  of    the    Hills  Opal 

Mine— No.  177.  p.  20. 
Desert  Sandstone,  Scotchman  Mine,  Keeroon- 

ghoola  Run— No.  177,  p.  26. 
Details  of  Plant  in  Wet  Process  of  Copper 

Extraction— No.  193,  pp.  24-27. 
Devonian  Limestone,  Yaamba,  Rockhampton 

—No.  190,  p.  27. 
Diamantina  River — No.  177,  p.  32. 
Diamonds,  Broadwater  Creek,  Stanthorpe  Dis- 
trict— No.  191,  p.  16. 
Dickson  and  Hansen's  Wolfram  Claim,  Lappa 

Lappa— No.  188,  p.  12. 
Diglum   Creek,    Gladstone  District — No.   194, 

p.  34,     . 
Dimbulah  Station,  Chillagoe  Railway  Line — 

No.  188,  p.  8. 
Diorite— No.  179,  pp.  4,  5,  6,  7,  8,  9;  No.  181, 

pp.  5,  6;  No.  183,  pp.  7,  9. 
Diorite.  Manganese  Area,  Gladstone  District — 

No.  194,  p.  36. 
Diorite,  Moonmera — No.  195,  p.  12. 
Diorite,  Morning  Star  Reef,  Kirk  Diggings — 

No.  183,  p.  9. 
Diorite,    Walli    and    Chinaman's    Creek — No. 

196,  p.  3. 
Diorite  Dykes.  Alma  Creek — No.  194,  p.  18. 
Diorite  Dykes,  Big  Hill  District,  Talgai— No. 

186,  p.  10 
Diorite  Dykes,   Black  Rock  Creek — ^No.  181, 

p.  8. 
Diorite  Dykes.   Herberton  District — No.   192, 

p.  11. 
Diorite  Dykes,  Kirk  Reefs,  Ravenswood — No. 

183,  p.  9. 
Diorite  Dykes.  Silver  Spur  Mine,  Texas — No. 

191,  p.  27. 
Diorite  Formation,  Sisters  Reef,  Blirk  Diggings 

—No.  183,  p.  10. 
Disposal  of  Queensland  Opal — No.  177,  p.  11. 
Dixon  (Russell) — 
Index  No.   3  to  Names  of  Places,   Mines, 

Reefs,    &c.,    occurring   in   the   Geologrical 

Survey  Reports,  Queensland — Nos.  177  to 

196,  inclusive. 
Dolomite,  Moonmera-Moongan  Railway  Cut- 
tings—No. 195,  p.  27. 
Dombro's  Silver  Lode,  Parish  of  Marodian — 

No.  179,  p.  9. 
Donnybrook    (now    Brookville),    Ravenswood 

Gold  Field— No.  183,  pp.  3.  6,  7,  8. 
Donnybrook  Reef,  Brookville,   Ravenswood-— 

No.  183,  p.  7. 
Dredging,  Tin  Mining,  Stanthorpe  District — 

No.  191,  pp.  11-19. 
Dry  Creek  Smelting  Works,  South  Australia — 

No.  181,  pp.  14,  16. 
Dry  River,  Herberton  District — No.  190,  p.  15. 
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Dubrick  Opal  Mines,  Hungary— No.  177,  p.  38. 

Duok  Creek— No.  177,  pp.  19,  20. 

Duck  Creek  Opal  Field,  Paroo  Mineral  Dis- 

triclH-No.  177,  p.  19. 
Duke  Group  of  Islands,  near  St.  Lawrence — 

No.  190,  p.  23;  No.  194,  p.  9. 
Dumareeque  River,   Stanthorpe  District — No. 

191,  p.  25. 
Dundoo  Station— No.  177,  pp.  19,  20. 
Dunn's  Gully,  Talgai— No.  186,  p.  4. 
Dunstan  (B.).  F.G.S.— 
Records. — No.  1. 
I. — Notes    on     the    Testing    of    Central 

Queensland  Coal. 
II. — Notes    on    the    Occurrence   of    Gold 
Nuggets  at  the  Dee  River,  near  Mount 
Morgan. 
III. — Phosphate-bearing     Rooks     in     the 

Rockhampton  District. 
IV. — ^The   Iron    Bonus   Commission — Evi- 
dence in  Queensland. 
V. — Notes  on  Asbestos  in  the  Rockhamp- 
ton District. 
VI. — Notes  on  the  Geological  History  of 

Keppel  Bay. 
VII.— Oriental  Rubies  in  the  Tate  River, 
near  Chillagoe— No.  190. 
Moonmera  (near  Mount  Morgan) :  Its  Mine- 
rals and  Copper  Mines,  and  a  Study  of  its 
Rook  Formations,   with   2   maps  and   19 
plates— No.  195. 
Records. — No.  2. 
I. — Gold  Deposits  near  Mount  Ubi,  west 

of  the  Blackall  Range. 
II. — The  Ironstone  of  Mount  Lucy,  Chilla- 
goe District. 
III. — Testing  Samples  for  Prospectors. 
IV. — Monaadte  in  Queensland. 
V. — A  Soil  Survey  for  Queensland. 
VI.— Boring  for  Coal  near  TownsviUe. 
VII.— The  Testing  of  Queensland  Coals. 
VIII.— Mineral      Notes.  —  Agate,      Little 
River;   Gypsum   Twin   Crystals,    Euka- 
lunda;  Tellurides  of  Gold,   Silver,   and 
Lead  at  Gympie;  Caloite  Crystals  with 
Pyrites  Inclusions,  Croydon. 
Durham  Mine,  near  Eukalunda — No.  196.  p. 

23. 
Duyphen   Point,    Cape   York   Peninsula — No. 

180,  pp.  8,  12. 
Dyson's  Opal  Mine,  Jundah  District — No.  177, 
p.  31. 


Eastern  Lode,   Great  Northern  Freehold  Tin 

Mine,  Ilerberton— No.  192,  pp.  17,  18. 
Eclipse  Tin  Mine,  Eureka  Creek  District — ^No. 

192,  pp.  24,  25. 
Edith  Copper  Lode,  near  Pine  Vale — No.  181, 

p.  20. 
Electrolytic  ExtraoticHi  from  the  Ore  in  Wet 

Process   of   Copper   Extraction — No.    198, 

p.  34. 
Elvan  Dykes,  Herberton  District — No.  192,  pp. 

9,  11,  17,  18. 
Embley  River,  Cape  York  Peninsula — No.  180, 

pp.  7,  8,  9. 
Emerald— No.  177,  p.  38. 
Emu  Creek,  Herberton  District— No.  188,  p.  12. 


Emu  Creek  Opal  Workings,  near  Duck  Cre^ 

—No  177,  p.  20. 
Emu  Park,  Rockhampton— No.  190,  p.  10 ;  No. 

194,  p.  22. 
Emuford,  Walsh  and  Tinaroo  Districts,  Nrnih 

Queensland. — No.  196,  p.  14. 
Endeavour  River,  Cooktown — No.  180,  p.  21 
Endeavour  Strait,  Cape  York  Peninsula — Na 

180,  p.  16. 
Endeavour    Valloy,    Cooktown    District — No. 

180,  p.  25. 
England— No.  188,  p.  5 ;  No.  190,  pp.  5,  19. 
Enright's  Wolfram  Claim,  Lappa  Lappa— No. 

188,  p.  12. 
Epidote,  Alma  Creek— No.  194,  p.  18. 
Epidote,  Gracemere — No.  194,  p.  14 
Epidote,  Stannage  Point— No.  194,  p.  12. 
Epidote  in  Diorite,  Yorkey's  Surprise  Lease- 
No.  179,  p.  14. 
Erin's  Hope  Reef,  BrookviUe,  Ravenswood— 

No.  183,  pp.  7,  8. 
Eromanga — No.  177,  p.  7. 
Erounghoola.   Keroongooioo  or  Kyafara  Opal 

Fields^  No.  177.  p.  23. 
Erubescite.  Filly  Flat.  Marodian  Distoict-Xow 

179,  p.  14. 
Eruptive  Rocks.  Stewart's  Creek,  near  Town!.- 

ville— No.  196,  p.  18. 
Escape  Inlet.  Cape  York  Peninsula— No.  180, 

p.  9. 
Esk,  Ipswich  District— No.  194,  p.  56. 
Esperanza  Opal   Mines,    Mexico — No.  177,  p. 

33. 
Etheridge,  junr.   (R.) — 
Records  No.  1 — 

On  the  Occurrence  of  the  Genus  Halftita 
in  the  Paleozoic  Rooks  oi  Queensland, 
and  its  Geological  Significance— No.  190. 
Eton.   Mackay— No.  181,  p.  10. 
Eukalunda^No.  196,  p.  23. 
Eulo— No.  177,  pp.  15,  19. 
Eumundi— No.  196,  p.  3. 
Eungella  Gold  Field— No.  181,  pp.  18,  19. 
Eureka  Creek,    Herberton   District— No.  1^ 

pp.  7,  14,  15.  24,  25,  26. 
Europe— No.  189,  p.  20. 

Elxhibition  Opal  Mine,  Keeroonghoola  Run- 
No.  177.  R.  28. 


Facing  Island,  Keppel  Bay— No.  190,  p.  10. 
Favosites  Point,  Hunter  Island— No.  194,  p.  2L 
Federation  Group  of  Tin  Mines,  Watsonville 

Tin  Mine— No.  192,  p.  20. 
Fel sites,  Little  River— No.  196,  p.  23. 
Felsites,  Mackay  District — No.  181,  pp.  6,  9. 
Felsites,  Moonmera — No.  196,  pp.  11,  12. 
Felsitio  Dykes— No.  179.  pp.  5,  7,  8. 
Felsitic   Volcanic   Rock,    Monte   Cristo  Reef, 

Talgai— No.  186,  p.  4. 
Felspar— No.  179,  pp.  11,  12 ;  No.  196,  p.  15. 
Felspar,  Donnybrook  Reef,  BrocJcville,  RaTens- 

wood— No.  183,  p.  7. 
Felspar,  Herberton  District — ^No.  192,  p.  9. 
Felspar,  Horn  Island— No.  180,  pp.  16,  19. 
Felspar,  Pleasant  Lode,  Alma  (>eek — "So.  19i, 

p.  18. 
Felspar,  Quartpot  Creek— No.  191,  p.  14 
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felspar  Crystals,  Tinaroo  Distrioi— No.  188,  p. 

12. 
Pelspathic  Granite,  Band  of  Hope  Reef,  Horn 

Island— No.  180,  p.  18. 
Felstone  Dyke,  Mount  Barker  Silver  Mines — 

No.  181,  p.  13. 
Fermoy  Station— No.  177,  p.  31. 
Ferro-Molybdenum — No.  188,  p.  5. 
Ferro-Tungsten — No.  188,  p.  6. 
Ferruginous     Andesite     Tuffs,     portion     856, 

Walla.  Gin  Gin  District-No.  180,  p.  6. 
Ferruginous    Opal,    Yowah    Opal    Field — No. 

177,  p.  16. 
Ferruginous  Red  Oxide  of  Copper  (Tile  Ore), 

Mount  Barker  Silver  Mines — No.  180,  p. 

16. 
Ferruginous  Sandy  Clay,  Batavia  River — No. 

180.  p.  8. 
Ferruginous  Sandy  Clay,  Junction  of  Hay  and 

Embley   Rivers,    Cape   York   Peninsula — 

No.  180,  p.  8. 
Ferruginous    Sandstone,    Batavia   River — No. 

180,  pp.  7,  10. 
Ferruginous  Sandstone,  Bentinck  Island — No. 

180,  p.  15. 
Ferruginous    Sandstones,    Mackay    District — 

No.  181,  p.  6. 
Ferruginous  Slates,  Keppel  Bay  and  environs 

—No.  190,  p.  10. 
Fibrous  Gypsum — ^No.  177,  p.  16, 
Fiery  Cross  Opal  Field,  Paroo  Mineral  Field — 

No.  177,  p.  Id. 
Filly  Flat,  Mineral  Selection  No.  1882,  Maro- 

dian  District— No.  179,  p.  14 
FitOToy  River— No.  180,  p.  10;  No.  190,  pp.  U, 

27,  28;  No.  194,  pp.  11,  14,  22;  No.  196, 

p.  7. 
Fish  Ponds  Camp,  Keeroonghoola  Run — No. 

177,  p.  28. 
Five-mile  (or  Callide)  Copper  Mines.  Gladstone 

District— No.  194,  pp.  27,  35. 
Fletcher's  Wolfram  Claim,  Top  Camp  Work- 
ings, Wolfram  Camp — ^No.  188,  p.  11. 
"  Flint  Band"— No.  177,  p.  19. 
Flori's  Find,  Perry  Scrub,  Burnett  District — 

No.  184,  pp.  6,  9,  10. 
Fluoride,  Herberton  Tin  Field— No.  192,  p.  10. 
Fluospar,  Herberton  Tin  Field— No.  192,  p.  9. 
Fort  Hill  Opal  Workings,  Keeroonghoola  Run 

—No.  177,  p.  28. 
Fossil     OloMopterii,     Stewart's    Creek,     near 

Townsville— No.  196,  p.  19. 
Fossils  (Marine)— No.  190,  p.  9. 
Fossils,    Gigoomgan— No.    179,    p.   4;    Mount 

Urah,  p.  4. 
Fossils     (Permo-Carboniferous),     Silver     Spur 

District— No.  191,  p.  27. 
Fossil   Remains,    Gin   Gin   District— No.   189, 

pp.  5,  6. 
Four-mile  Creek,  on  Border— No.  191,  pp.  17, 

39. 
Four-mile  Oeek,  Cania^-No.  194,  p.  35. 
Four-mile  Creek,  Rockhampton  District— No. 

195,  pp.  7,  8. 
Four-mile  Creek,  Walsh  River,  Herberton  Die- 

triot— No.  188,  p.  8. 
Four-mile  Opal  Workings,  Yowah  Opal  Field 

—No.  177,  p.  18. 


Fowler  Island,  Gulf  of  Carpentaria — ^No.  180, 

p.  15. 
Freehold  Lode,   Newelton  District — ^No.   192, 

p.  27. 
Freestone  Creek,  Warwick  District — No.  186, 

p.  19. 
Friday  Creek  or  Gully,  Keeroonghoola  Run — 

No.  177.  p.  28. 
Friday  Gully,  Talgai— No.  186,  pp.  4,  11. 
Friday  Opal    Mine,    Friday    Creek  or  Gully, 

Keeroonghoola  Run — ^No.  177,  p.  28. 
Funnel  Creek,  Mackay  District — ^No.  181,  p.  10. 


Gabbro,  Alma  Creek— No.  194,  p.  18. 

Gayndah  District— No.  194,  p.  49. 

Galena,   Beer  and   Dawson's  Reef,   Yorkey's 

Gold  Field— No.  179,  p.  8;  Dombro's  Silver 

Lode,  parish  of  Marodian,  p.  9. 
Galena,  Crescent  Claim,  Kirk  Diggings — ^No. 

183,  p.  11. 
Galena,  Herberton  Tin  Field— No.  192,  p.  9. 
Galena,  Horn  Island— No.  180,  p.  17. 
Galena,  Hunter  Island — No.  194,  p.  21. 
Galena,  Irvinebank — No.  192,  p.  21. 
Galena,   Moonmera  Copper  Mines — ^No.   195, 

p.  27. 
Galena,  Mount  Barker  Silver  Mines — No.  181, 

pp.  12.  18,  14,  15. 
Galena.  P.A.  No.  24,  Perry  Sorub— No.  184, 

p.  8. 
Galena,  Sunset,  Ravenswood — ^Na  183,  p.  4. 
Galena,  Silver  Crown  Mine,  near  Silver  Spur — 

No.  191,  p.  37. 
Galena,  Silver  Queen  Mine,  Stanthorp&— No. 

191,  p.  24. 
Galena,  Silver  Spur  Mine,  Texas — ^No.  191,  pp. 

27,  29. 
Galena,  Triad  Gold  Mining  Lease,  Yorkey's 

Gold  Field— No.  179,  p.  7. 
Galena,   Welcome  Claim,   Horn   Island — No. 

180,  p.  19. 
Gap  Opal  Mine,  Keeroonghoola  Run — ^No.  177, 

p.  28. 
Gardner's  Manganese  Mine,  Calliope — ^No.  194^ 

pp.  45,  4lB. 
Garnet,    Filly    Flat,    Marodian    District— No. 

179,  p.  14. 
Garnet,  Mount  Ruby— No.  179,  p.  14. 
Garnet,  Munna  Mine,  Marodian  District — No. 

179,  p.  14. 
Garnet,  "The  Rocky,"  Tate  River,  near  CSiil- 

lagoe— No.  190,  p.  29. 
Garnet,  Yorkey's  Surprise — No.  179,  p.  14. 
Garnetiferous  Calcite,  Mount  Grim,  Gladstone 

District— No.  194,  p.  24. 
Garnetiferous     Epidoto-bearing     Slate,     Tar- 

ginnie,  Gladstone  District — No.  194,  p.  23. 
Garnet  Crystals,  Mount  Lucy — No.  196,  p.  7. 
Garnet  Rook— No.  179,  pp.  12,  14 
Garnet  Rock,  Glassford,  Gladstone  District — 

No.  194,  p.  19. 
Garnet  Rock,  Mount  Lucy,  Chillagoe  District 

—No.  196,  pp.  6,  7,  8. 
Gatoombe  Head,  Gladstone  District— No.  194^ 

p.  36. 
Gem    Opal    Mine,    Keeroonghoola   Run — No^ 

177,  p.  25. 
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General  Grant  Reef,  RaTenswood  Gold  Field 

—No.  183.  pp.  5,  6. 
Geological   Features  of  Moonmera — No.   195, 

pp.  8-17;   Granitic  Rocks,   pp.  ^11;  Fel- 

sites,  pp.  11,  12;  Diorite,  p.  12;  BreoiOA, 

pp.  13,  14;  Cupriferous  Sandstones,  p.  14; 

Meaocoio  Coal  Measures,  pp.  15, 16 ;  Recent 

Deposits,  p.  16. 
(Georgetown— No.  196,  pp.  6,  23. 
Germany— No.  185,  pp.  6,  7;  No.  190,  p.  20; 

No.  192,  p.  15. 
Gibb's   Creek,   Irvinebank   District— No.   19B> 

p.  20. 
Gibson's  Claim,  Talgai— No.  186.  p.  13. 
Gigoomgan — No.  179,  pp.  4,  14. 
Gilbert  River,  Gulf  of  Carpentaria^No.  180, 

p.  12. 
QUtian's  Wolfram  and  Bismuth  Claim.  Jeff's 

Camp     Working^,    Wolfram     Camp — No. 

188,  p.  9. 
Gm  Gin,  Maryborough  DistneV-No.  184,  pp. 

6,  7,  14;  No.  189,  pp.  3^;  Now  194,  p.  52. 
Gin  Gin  Manganese  Deposita— No.  189,  p.  5. 

(Plan.) 
Gin  Gin  Railway  Station--No.  189,  p.  3. 
Gladstone—No.  190,  p.  27 ;  No.  19i  pp.  10,  11. 
Gladstone  aaim,  Talgai— No.  186,  pp.  18,  14. 
Gladstone  District— No.  190,  p.  24;  Na  194^ 

pp.  23^a 
Gladstone  Opal  Mine,  Keeroonghoola  Run — 

No.  177.  p.  26. 
Gladstone    P.C,    Eungella    Gold    Fi«ld— No. 

181,  p.  19. 
Gladstone  Reef  Workings,  Talgai— No.  186^  p. 

13.     (Plan.) 
Glassford.  Gladstone  District— No.  194,  p.  2»4iO, 

35. 
Glassford  Creek,  Gladstone  District— No.  190, 

p.  24;  No.  194,  pp.  28,  35. 
GlM  Linedaie,  Herberton  District— No.  19^  p. 

14. 
Glen  Prairie  Run,  Rockhampton  District— No. 

190,  p.  26. 
Gibber  Holes,  near  Jundah  Opal  Field— No. 

177,  p.  31. 
Gold,  Broadwater  Creek— No.  1^,  p.  16. 
Gold,    Commonwealth   Mine,    near   Degilbo— 

No.  185,  pp.  4,  6. 
Gold,  East  of  Mount  Scott.  Rockhampton  D'w- 

triot— No.  195,  pp.  17,  27. 
Gold,   Deo  River,   near  Mount   Morgan — No. 

190,  pp.  7-9. 

Gold,  Dunn's  Gully.  Talgai— No.  186.  p.  4. 

Gold,  Four- mile  Creek,  Rockhampton  Dis- 
trict-No. 196.  pp.  17,  27. 

Gold,  Mount  Sturt.  Warwick  District — No. 
186,  p.  20. 

Gold,  North  Peak  and  Middle  Peak,  Moon- 
mera Range — No.  195,  pp.  17,  27. 

Gold,  Perry  Scrub.  Burnett  District--No.  184, 
p.  6. 

Gold,  Pikedalo  Silver  Mine,  Stanthorpe  Dis- 
trict—No.  191,  p.  25. 

(iold,  Quartz  Vein,  Walli  Creek— No.  196,  p.  4. 

Gold,    Silver    Queen    Mine,    Stanthorpe— No. 

191,  p.  24. 

(Jold,  Silver  Spur  Mine,  Texas— No.  191,  pp. 
28,  29,  30,  33,  34,  35. 


Gold,  Sundown  Copper  Mine,  Sundown  Oeek, 

Stanthorpe— No.  191,  p.  22. 
Gold,  Talgai  Gold  Field— No.  186.  p.  3u 
Gold,  Yorkey's  Paddock— No.  1T9.  p.  S. 
Gold     Assay.     Lidte     View     Conaols    LeasA, 

Yorkey's  Gold  Field— No.  179,  p.  8. 
Gold   Assays.   Mount  Start  3ton»»   Warwick 

District— No.  186,  p.  20. 
Gold  Assays,  Perry  Sorub  Workingv,  Burnett 

District— No.  184.  pp.  8,  9,  10,  11,  12,  la 
Gold-bearing  Leader,  Munn»  Mine— No.  179, 

p.  12. 
Gold  Deposits  near  Mount  Ubi,  wost  of  the 

Blackall  Range— No.  196t  pp.  3^. 
Gold  Nugget  Cttst^  Dee  River— Now  199.  p.  8. 
Gold  Percentage— Altaite  Telluride— No.  196. 

p.  24. 
Gold  Percentage— Hessite  Tellurit»-N6.  196. 

p.  24. 
Gold  Yield,  Australnn  Reef,  Talgai^-No.  186. 

p.  12. 
G6id  Yield,  Big  Hill  Lease,  TalgM— ^No.  m 

pp.  9,  10. 
Gold  Yield,  DoBnybrocA  Reef,  from  a  CrnA- 

ing— No.  183,  p.  8. 
Gold  Yield,  Brio's  Hope  Rm{,   BrookriOe- 

No.  183,  p.  8. 
GoM  Yieki,  Oenertf  Ormat  Reef,  Rcfwswood 

— Na  183,  p.  5. 
Gold  Yield,  Oibaen's  aaim,  Talgn^Na  m 

p.  19L 
Gold  Yield,  Highland  Mary  Reel,  Nomanby 

Goldlleld,  Bowen  Dntriot— No.  181,  p.  39. 
Gold  Yield,  Himalaya  Reef,  Kirk  Diggings. 

Ravenswood — No.  188,  p.  10. 
Gold   Yield  (allu^al   and  quarts,   1894-1900). 

Horn  Island  Goldfield— No.  180,  p.  11 
Gold   Yield.    Lady  Norman    Mine,    EongBlla 

Gold  Field— No.  181,  p.  19. 
Gold  Yield,  Louisa  Mine,  TaJgai— No.  186,  p. 

17. 
Gold  Yield,  Monte  Christo  Mine,  Talgai— No. 

186,  p.  5. 
Gold  Yield,    Morning  Star  Reef,   Kirk  Dig- 
gings—No. 183,  pp.  9,  10. 
Gold  Yield,  No.  4  Quartz  Vein,  Allan's  Mioe, 

Allan's  Ridge.  WalH  Creek,  Mary  Rirsr- 

No,  196,  p.  5. 
Gold    Yield,    Perseverance   Reef,    Normanby 

Gold  Field,  Bowen  District— No.  181,  p. 

20. 
Gold  Yield,  Possession  Island— No.  180,  p.  21. 
Gold  Yield,  Prince  of  Wales  Mine,  Talgii- 

No.  186,  p.  18. 
Gold  Yield.  Prospecting  Area  No.  24,  Perry 

Scrub— No.  184,  p.  8. 
Gold  Yield,  Prospecting  Area  No.  35,  Perry 

Scrub— No.  184,  p.  11. 
Gold  Yield,  Queenslander  Reef,  Big  Hill,  Tal 

gai— No.  186,  p.  11. 
Gold  Yield,  Saint  Patrick  P.O.,  Talgsi-Xo. 

186.  pp.  15,  16. 
Gold  Yield,  Saint  Patrick  North  Claim,  Tal 

gai— No.  186,  p.  16. 
Gold  Yield,   Shelmaliear  Reef,   Ravenswood- 

No.  183,  p.  6. 
Gold  Yield,  Silver  Spur  Mine,  Texa»-Na  1«. 

p.  26. 
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Gold  Yield,    Sunset  Reef,   Ravenswood   Gold 

Field— No.  183,  pp.  3.  4. 
fJold  Yield,  Welcome  Dick,  Normanby  Gold 

Field.  Bowen  District— No.  181,  p.  20. 
Gold   Yield.    Young   Australian    Gold    Mine, 

Degilbo— No.  185.  p.  4. 
Gold  Yield,  Yorkey  Gold  Field— No.  179,  pp. 

6,  7,  9. 

Golden   Gate  X^ase,  Talgai  Gold  Field— No. 

186,  pp.  4,  5,  6. 
Golgonda  Opal  Mine,  Dundoo  Run — No.  177, 

p.  20. 
Goodman's  Flat,  near  Duck  Creek— No.  177, 

p.  20. 
Gordon  River.  Tasmania — No.  190,  p.  31. 
Gossan  Ore,  Big  Hill  Lease,  Talgai— No.  186, 

p.  9. 
Grjssan,  Hunter  Island — No.  194,  p.  21. 
Gossan   Ore,   Knight  of  Gwyn  Copper  Mine, 

Marodian  District— No.  179,  p.  13. 
Gossan  Ore,  ]Many  Peaks,  Bompa — No.  194,  p. 

28. 
GoAsan,  Mineral  Lease  No.  16,  Perry  Scrub — 

No.  184,  p.  13. 
Go.^san  Ore,  Mount  Barker  Silver  Mines — No. 

181,  p.  15. 
Gossan  Ore,  Mount  Flora — No.  181,  p.  11. 
Gossan   Ore,   Mount  Mudloo  Copper  Lease — 

No.  179,  p.  11 ;  Louisa  Copper  Mines,  p.  12. 
Gossan,  Silver  King  Mine,  near  Silver  Spur — 

No.  191,  p.  37. 
Go&san    Ore,    Silver   Spur   Mine,    Texas — No. 

191,  pp.  27,  28,  29,  31,  32. 
G<)3.san,  Texas  Copper  Mine — No.  191,  p.  37. 
Gossan    Formation,    Talgai    Gold    Field — No. 

186,  p.  3. 
Gossan  Yield,  Silver  Spur  Mine,  Texas — No. 

191,  p.  28. 
Gracemere,    Rockhampton    District — No.    194, 

p.  14. 
Granite— No.  179,  pp.  4,  5,  11,  12;  No.  180,  pp. 

7,  10,  16,  17,  18.  25,  27 ;  No.  181,  pp.  5,  9, 
10,  19,  21 ;  No.  196,  p.  15. 

Granite.  Alma  Creek— No.  194,  p.  18. 
Granite,  Broadwater  Creek — No.  191,  p.  15. 
Granite,     Brookvilie,    Ravenswood — No.    183, 

pp.  6,  7. 
Granite,  Commonwealth  Mine,  near  Degilbo — 

No.  185,  pp.  5,  6. 
Granite,   Constitution  Hill,   Mount  Morgan — 

No.  194,  p,  15. 
Granite,  Eastern  Lode,  Great  Northern  Free- 
hold, Herberton— No.  192,  pp.  18,  19. 
(Jranito.  Eumundi — No.  196,  p.  3. 
Granite,     Glassford,     Gladstone    District — No. 

194,  p.  28. 
Granite,  Herberton^  Tin  Field— No.  192,  pp.  8, 

9.  10,  11,  17,  18. 
Granite,  Moonraera — No.  195,  pp.  9,  11. 
Granite,  Morning  Star  Reef,  Kirk  Diggings — 

No.  183,  p.  9. 
Granite,    Mount   Grim,    Gladstone   District — 

No.  194,  p.  24. 
Granite,  Mount  Lucy,  Chillagoe  District — No. 

196,  pp.  6,  7. 
Granite,   Mount  McDonnell,   Stanthorpe — No. 

191,  p.  22. 
Granite,  Perry  River — No.  184,  p.  7. 
Granite,  Quartpot  Creek — No.  191,  p.  14. 
B 


Granite,    Red   Rock    Creek,    Stanthorpe — No. 

191,  pp.  20.  21. 
Granite,    Reed's  Creek,   Herberton   District — 

No.  192,  p.  29. 
Granite,  Severn  River— No.  191,  pp.  10,  20,  22. 
Granite,    Smith's    Creek    Tin    Mine,    Mount 

Garnet^No.  192,  p.  29. 
Granite,  Sisters  Reef,  Kirk  Diggings — No.l83, 

pp.  10,  11. 
Granite,  Sundown  Creek,  Stanthorpe — No.l9I,. 

pp.  22,  23. 
Granite,  Top  Camp  Workings,  Wolfram  Camp 

—No.  188,  pp.  10,  11. 
Granite,    Walli    and    Chinaman's   Creek — No. 

196,  p.  3. 
Granite,  Wolfram  Camp,  Hodgkinson  District 

—No.  188,  pp.  7,  8,  9,  10.  11. 
Granite  Dykes,  Woowoonga— No.  185,  p.  3. 
Granite   Dyke.   Band    of    Hope    Reef,   Horn 

Island— No.  180,  p.  18. 
Granite  Pebble,    Silver   Spur   Mine,    Texas — 

No.  191,  p.  27. 
Granite  Porphyry— No.  179,  pp.  10,  11. 
Granite    Porphyry,    Herberton    District— No. 

No.  192,  p.  9. 
Granite  Porphyry,  Sisters  Reef,  Kirk  Diggings 

—No.  183,  pp.  10,  11. 
Granite    Porphyry,    Kirk    Diggings,    Ravens- 
wood— No.  183,  pp.  9,  10. 
Granitic   Rock    (decomposed),    Allan's   Ridge, 

Walli  Creek— No.  196,  p.  4. 
Granitite  (Pink)— No.  179,  p.  12. 
Grant  and  Sunset  Extended,  Ravenswood  Gold 

Field— No.  183,  p.  6. 
Graphitic  Slate,  Silver  Spur  Mine,  Texas— No. 

191,  p.  31. 

Great  Australian  Bight— No.  177,  p.  8. 

Great  Eastern  Mine,  No.  2  South,  Gympie — 
No.  196,  p.  24. 

Great  Extended  Opal  Mine,  Yowah  Opal  Field 
No.  177,  pp.  15,  16,  18. 

Great  Extended  Shaft,  Yowah  Opal  Field- 
No.  177,  p.  16.     (Fig.  1.) 

Great  Northern  Freehold  Tin  Lode,  Herberton 
Tin  Field— No.  192,  pp.  10,  13,  14,  15,  16, 
17. 

Great  Northern  Freehold  Tin  Mine,  Herber- 
ton—No.  192,  pp.  17-19. 

Great  Northern  Tin  Company,  Herberton — 
No.  192,  pp.  14.  15. 

Great   Southern   Tin    Lode,    Irvinebank — No. 

192,  pp.  10,  28. 

Great    Southern   Tin    Mine,    Irvinebank— No. 

192,  pp.  14,  20,  23. 
Great   Western    Tin    Lode,    Watson ville — No. 

192.  pp.  14,  19,  20. 
Great   Western    Tin    Mine,    Watsonville— No. 

192,  pp.  19,  20. 
Great  Western  Tin  Yield—No.  192,  p.  14. 
Greisan,  Severn  River — No.  191,  p.  10. 
Grey  Ore  (Tetrahedrite),  Mudloo— No.  179,  p. 

14. 

Grey  Ranges— No.  177,  p.  21. 

Greywackes,     Alhambra    Tin     Mine,     Eureka 

Creek,  Herberton  District— No.  192,  p.  28. 
Greywackes,  Brookvilie,  Ravenswood  District 

—No.  183,  pp.  6,  7. 

Greywackes,  Eureka  Creek  District— No.  192 
p.  25. 
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Greywackes,    Glassford,    Gladstone    District- 
No.  194,  p.  29. 
Greywackes,    Great    Southern    Mine,    Irvine- 
bank— No.  192,  p.  23. 
Greywackes,    Herberton  Tin   Field— No.   192, 

pp.  8,  9,  11. 
Greywackes,  Irvinebank  District — No.  192,  p. 

21. 
Greywackes,  Mount  Barker — No.  181,  pp.  12, 

13. 
Greywackes.  Stewart's  Creek,  near  Townsville 

—No.  196,  p.  18. 
Greywackes,    Vulcan    Mine,    Irvinebank— No. 

192,  p.  21. 
Greywackes,  Watsonville  District— No.  192,  p. 

20. 
Grits,  Cook  District— No.  180,  p.  25. 
Ground  Sluicing.  Tin  Mining,  Stanthorpe  Dis- 
trict-No. 191,  pp.  9,  10,  38. 
Guano  Deposits,  Olsen's  Caves,  Rockhampton 

District^No.  190,  p.  11. 
Guano,  Lake's  Island,  Gulf  of  Carpentaria^- 

No.  180,  p.  15. 
Gulf  of  Carpentaria— No.  177,  p.  7 ;  No.  192,  p. 

7. 
Gulf  of  Carpentaria,  &c.,  Some  Islands  of  the 

—No.  180,  pp.  1-15. 
"  Gully"  Lode,  Great  Northern  Freehold  Tin 

Mine,  Herberton— No.  192,  pp.  13,  17,  18. 
Gum  Flat,  near  Pratten— No.  186,  p.  11. 
Gum  Holes  Camp,  Keeroonghoola  Run— No. 

177,  pp.  26,  27.  28. 
Gunnedorah — No.  177,  p.  21. 
Gympie— No.  179,  p.  4;  No.  196,  p.  24. 
Gympie    Formation    (Permo-Carboniferous) — 

No.  180,  p.  25 ;  No.  181.  p.  12 ;  No.  190,  p. 

9. 
Gympie  Limestones  and  Slates — No.  179,  p.  12. 
Gympie  Strata— No.  179,  pp.  4,  5. 
Gypsum— No.  177,  p.  16. 
Gypsum,  De  Lazra's  Opal  Mine,  Stoney  Creek 

—No.  177,  p.  27. 
Gypeum,   Old  Field  Opal  Workings,   Jundah 

Opal  Field— No.  177,  p.  30. 
Gypsum  Penetration— Twin  Crystals  (Fig.  8)— 

No.  196,  p.  23. 
Gypsum   Twin   Crystals   at  Eukalunda,    near 

Bowen— No.  196,  p.  23. 


Hwmatite— No.  179,  pp.  10,  11,  14. 

Haematite,  Cabbage-tree,  Gladstone  District- 
No.  194,  p.  31. 

Haematite,  Campbell's  Reef,  Yorkey's  Gold 
Field— No.  179,  pp.  8,  14. 

Haematite,  Constitution  Hill,  Blount  Morgan 
No.  194,  p.  15. 

Hfematite,  Five-mile  Creek,  Kroombit^  Glad- 
stone District— No.  194,  p.  27. 

Haematite,  Iron  Gully,  Mount  Morgan— No. 
194,  p.  16. 

Haematite,  Iron  Island— No.  194.  p.  10. 

Haematite,  Moonmera  Copper  Mines— No.  195, 
p.  27. 

Heematite,  Moonmera  Range,  No.  195,  p.  27. 

Haematite,  Mount  Leviathan— No.  190,  p.  13. 

Haematite,  Mount  Lucy — No.  196,  p.  8. 

Haematite,  Olsen's  Caves— No.  194,  p.  13. 

Heematite,  Stannage  Point— No.  194,  p.  12. 


Halifax  Bay— No.  190,  p.  23. 

Hammond  Island.  Torres  Strait — No.  180,  p. 

16. 
Hampden,  jMackay  District — ^No.  181,  p.  9. 
Hampden    Coal,    Mackay    District — No.    190, 

p.  6. 
Halite,  Moonmera  Range — No.  195,  p.  28. 
Halysitcs  Corals  in  Limestones,   south-west  of 

Mungana,  Chillagoo  District — No.  190,  pp. 

30-32. 
Hammond's   Opal   Mine,    Gum   Holes  Camp, 

Keeroonghoola  Run — No.  177,  p.  27. 
Harding  Creek,   Clarence  River,   New  Soutii 

Wales— No.  191,  p.  11. 
Hansington's    Opal    Mine    or    the    Havelock 

Mine,  Keeroonghoola  Run — No.  177,  p.  29. 
Hansington's  Mine,  Keeroonghoola — No.  177, 

p.  29.    (Plate  XIX.) 
Havilah.  Bowen  District — ^No.  181.  p.  21. 
Hazlewood  Creek,  Mackay — ^No.  181.  p.  12. 
Hen's  Nest   Opal   Mine,    Gum   Holes  Camp, 

Keeroonghoola  Run — No.  177,  p.  26. 
Herbert  River — No.  192,  pp.  7,  8. 
Herberton— No.  192,  pp.  7,  8.  13,  14,  16,  17. 
Herberton  Range — No.  192,  p.  7. 
Herberton  Tin  Lodes— No.  192,  pp.  12, 13, 16. 
Herberton  Tin  Field— No.  192,  pp.  1-29. 
Herberton  Wolfram  Returns — No.  188,  p.  4. 
Hessite  Tellurides,  600-feet  level,  No.  2  South 

Great  Eastern  Mine,  Gympie — No.  196,  p. 

24. 
Hey  River,   Cape  York  Peninsula— No.  180, 

p.  8. 
Highland  Mary  Reef,  Normanby  Gold  Field, 

Bowen  District — ^No.  181,  p.  20. 
Himalaya  Reef,  Kirk  Diggings,  Ravenswood 

District— No.  183.  p.  10. 
Hodgkinson — No.  190.  p.  16. 
Hodgkinson   Molybdenite  Deposits— No.  188, 

pp.  3,  4. 
Hodgkinson  Wolfram  Lodes — No.  188,  pp.  3,4. 
Hornblende.    Beacroft's    W(»rkingB,    Sundown 

Mine,  Stanthorpe — No.  191,  p.  23. 
Hornblende,    Moonmera   Railway   Cuttings- 
No.  195,  p.  28. 
Hornblende,  Oakey  Creek  Lode,  Alma  C^eek 

—No.  194,  p.  18. 
Hornblende  Andesite — No.  179,  p.  14. 
Hornblende,  Biotite  Granite,  between  Mount 

Lucy   and   Almaden,   Chillagoe  District- 
No.  196,  p.  6. 
Hornblende  Granite,  Blocks  Mine,  BrookviUe 

—No.  183,  p.  7. 
Hornblende  Granite,  Herberton  District— No. 

192,  p.  9. 
Horned   Peak   (Dingabai),   Horn   Island— No. 

180,  p.  18. 
Horn  Island  Gold  Field,  Torres  Strait,  Report 

on— No.  180,  pp.  16-20. 
Horse  Creek,  near  Opalton — No.  177,  pp.  31, 

32. 
Horse  Creek  Opal  Mine,  Opalton  District— No. 

177,  p.  32. 
Hudson's  Opal  Claim,   Kynuna — No.  177,  p. 

33. 
Hughenden — No.  177,  p.  9. 
Hughes'    Selection,    Silver   Spur,   Texas— No. 

191,  p.  36. 
Hungarian  Opal  Mines — No.  177,  p.  33. 
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Hungary — No.  177,  p.  8. 

Hunter  Islana— No.  194,  pp.  21.  22. 

Huxley's  Opal  Claim,  Bull's  Creek— No.  177, 

p.  22. 
Hyalite,  Stannage  Point— No.  194,  p.  12. 
Hyde  Park  Creek,  Opalton— No.  177,  p.  32. 


luTioous  Dykes^No.  179,  p.  4;  No.  190,  p.  9; 
No.  192,  pp.  9,  10. 

Iflmeous  Rocks— No.  179,  p.  4;  No.  181,  p.  9. 

I^eous  Rocks,  Mackay  District— No.  181,  p.  6. 

koieous  Rocks,  Mount  Barker  Silver  Mine- 
No.  181,  p.  13. 

Ilmenite,  Alma  Creek— No.  194,  p.  18. 

Ilmenite,  Monazitic  Sands,  Johnstone  River — 
No.  196,  p.  13. 

InvereU  Railway  Station,  New  South  Wales- 
No.  191,  p.  34. 

iDvestigator  Road,  between  8weer*s  and  Ben- 
tinck  Islands— No.  180,  p.  13. 

Ip^wieh — No.  194,  p.  10. 

Ipswich  District-No.  190,  pp.  14,  17,  24,  25; 
No  194,  pp.  53-61. 

Iron  Ore,  Alma  Creek— No.  190,  p.  24. 

Iron  Ore,  Batavia  River,  Cape  York  Peninsula 
No.  180,  pp.  8,  9,  10. 

Iron  Or©,  Biggenden  District— No.  185,  p.  5. 

Iron  Ore,  Black  Rook  Creek— No.  181,  p.  8. 

Iron  Ore,  Boyne  River- No.  194,  pp.  25,  26, 
27. 

Iron  Ore,  Centre  Creek,  Port  Curtis  District- 
No.  194,  p.  17. 

Iron  Ore,  Constitution  Hill,  Mount  Morgan — 
No.  194,  pp.  15,  16. 

Iron  Ore,  Darling  Downs  District — 
Pittsworth- No.  194,  pp.  62-65. 
Warwick— No.  194,  p.  65. 
Texas— No.  194,  p.  65. 

Iron    Ore,    Degalgil,  Gladstone  District— No. 
194,  p.  27. 

Iron   Ore,    Embley   and   Mission   Rivers^— No. 
180,  p.  8. 

Iron  Ore,  Gayndah  District— No.  194,  p.  49. 

Iron  Ore,  Gladstone  District — 
At  Targinnie— No.  194,  p.  23. 
Mount  Grim- No.  194,  p.  24. 
Boyne  River— No.  194,  pp.  25-27. 
Degalgil— No.  194,  p.  27. 
Kroombit— No.  194,  p.  27. 
Many  Peaks— No.  194,  p.  28. 
Glassford— No.  194,  pp.  28-30. 
Cania— No.  194.  pp.  30,  31. 
Cabbage- tree— No.  194,  p.  31. 

Iron  Ore,  Glassford  Creek,  Gladstone  District 
—No.  190,  p.  24;  No.  194,  p.  28. 

Iron  Ore,  Gracemere,  Rockhampton  District — 
No.  194,  p.  14. 

Iron  Ore,  Ipswich  District— No.  190,  pp.  17.  18. 
25. 

Iron  Ore,  Ipswich  District — 

Pine  Mountain — No.  194,  pp.  53-56. 

North  Ipswich— No.  194,  p.  56. 

Parish  of  Dundas— No.  194,  pp.  56,  57. 

Parish  of  Dugandan— No.  194,  pp.  57,  58. 

Parish  of  Coochin — No.  194,  p.  58. 
Iron  Ore,  Iron  Gully,  Boulder  Creek,  Mount 

Morgan  District— No.  194,  p.  16. 
Iron  Ore,  Iron  Island— No.  190.  pp.  16,  17,  23. 


Iron  Ore,  Kangaroo  Hills— No.  190,  pp.  13,  22. 

Iron  Ore,  Kroombit,  Gladstone  District— No. 
194,  p.  27. 

Iron  Ore,  Marodian  Field— No.  179,  p.  10 

Iron  Ore,  Maryborough  District — 

At  Mount  Biggenden— No.  194,  p.  49. 
Gayndah— No.  194,  pp.  49,  50. 

Iron  Ore,  Mount  Biggenden— No.  190,  p.  23. 

Iron  Ore,  IMount  Grim- No.  194,  p.  24. 

Iron  Ore,  Mount  Leviathan,  Cloncurry  Dis- 
trict—No. 190,  p.  13. 

Iron  Ore,  Mount  Lucy,  Chillagoe  District- 
No.  190,  pp.  13,  14 ;  No.  196,  pp.  6-8. 

Iron  Ore  in  Sight  at  Mount  Lucy,  Chillagoe 
District,  Estimated  Amount  of— No.  196, 
p.  8. 

Iron  Ore,  Mount  Morgan— No.  190,  p.  23. 

Iron  Ore,  Mount  Pisa,  Cloncurry  District— No. 
190,  p.  13. 

Iron  Ore,  Mount  Sturt,  Warwick  District- 
No.  186,  p.  20. 

Iron  Ore.  New  Zealand  Creek,  Boyne  River- 
No.  194.  p.  25. 

Iron  Ore,  Oakey  Creek,  Alma  Creek— No.  194. 
p.  17. 

Iron  Ore,  Olson's  Caves— No.  190,  p.  23. 

Iron  Ore,  Pikedale  Silver  Mine— No.  191,  d. 
24. 

Iron  Ore,  Pine  Mountain— No.  190,  p.  25. 
Iron  Ore,  portiMi  lOv,  Pemberton,  Gladstone 

District— No.  194.  p.  26. 
Iron   Ore,    portion    22v,     Pemberton,    Boyne 

River,  Gladstone  District— No.  194,  p.  25. 
Iron  Ore,  Pride  of  the  Hills  Opal  Mine— No 

177,  p.  21. 
Iron  Ore,  Rockhampton  District- 
Iron  Island— No.  194,  pp.  9-11. 

Stannage  Point— No.  194,  pp.  11.  12. 

Olson's  Cave*— No.  194,  pp.  13.  14. 

Kabra— No.  194,  pp.  14,  15. 

Mount  Morgan— No.  194,  pp.  15,  16. 

Alma  Creek— No.  194,  pp.  16-19.* 
Iron  Ore,  Silver  Spur,  Texas— No.  191,  pp.  29, 

36. 

Iron  Ore,  Spring  Creek,  Gladstone  District- 
No.  194,  p.  31. 

Iron  Ore,  Stannage  Point,  near  Iron  Island- 
No.  190,  p.  23. 

Iron  Ore,  Vrilya  Point,  Cape  York  Peninsula 
—No.  180,  p.  7. 

Iron  Ore,  Welcome  Claim,  Horn  Island— No 
180,  p.  19. 

Iron  Ore,  WUd  River,  Herberton  District-No 

190,  p.  13. 
Iron  Ore  Analysis,  Alma  Creek  Ore— No.  190 

p.  24;  No.  194,  p.  18. 
Iron  Ore  Analysis,   Constitution  Hill,  Mount 

Morgan— No.  194,  p.  15. 
Iron    Ore   Analysis,  Dugandan    Deposit— No 

194,  p.  58. 

Iron  Ore  Analysis.  Gayndah  District^No  194 
p.  50. 

Iron  Ore  Analysis,  Gracemere— No.  194,  p.  14 
Iron  Ore  Analysis,  Iron  GiilJy,  Mount  Morgan 
—No.  194,  p.  16. 

Iron  Ore  Analysis,  Iron  Island— No.  190,  p.  23* 
No.  194,  p.  10.  ' 

Iron  Ore  Analysis,  JMount  Morgan  Ore— No. 
190,  p.  2a 
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Iron  Ore  Analysis,  New  Zealand  Creek  Ore, 
Gladstone  District^No.  194,  p.  25. 

Iron  Ore  Analysis,  Olaen's  Cave*-No.  190,  p. 
23;  No.  194.  p.  13. 

Iron  Ore  Analysis,   Pittsworth  Deposits— No. 

194,  p.  63.  „      u    X 
Iron   Ore  Analysis,   portion   ICK,   Pemberton, 

Boyne  River,  Gladstone  District^No.  194. 

26 
Iron   Ore  Analysis,   portion   22v,   Pemberton, 

Bovne  River— No.  194,  p.  26. 
Iron   Ore  Analysis,   Silver   Spur.    Texa»-No. 

Iron  Ore  Analysis.  Stannage  Point-No.  194. 

12. 
Iron  Ore  Analysis.  Targinnie  Ore— No.  194,  p. 

28 

Iron  ()re  Yield  (estimated).  Mount  Biggenden 
Mine,  near  Degilbo— No.  194,  p.  49. 

Iron  Bonus  Commission,  Evidence  taken  in 
Queensland— No.  190,  pp.  12-25. 

Iron  Gullv,  Boulder  Creek.  Mount  Morgan— 

Iron'^I^^ai-No^^^^^^  PP.  16.  18,  22.  23.  24; 

No.  194.  pp.  9,  11.  XT     ion  «  9R 

Iron  Island  Iron  Ore.  Analyses-No  190.  p.  23. 
Iron  Knob,  Stannage  Pointy  No.  194.  p.  11. 
Iron  Mountain.  Kangaroo  HiUa-No.  190.   p. 
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Iron  Oxide,  Batavia  River-No.  180.  pp.  9,  10. 
Iron  Oxide,  Many  Peaks.  Gladstone  District- 
No.  194,  p.  28. 
Iron  Oxides,  Mount  Barker  Silver  Mines-No. 

181,  p.  15.  .      . 

Iron  Pyrites,  Crescent  Claim.  Kirk  Diggings— 

No.  183.  p.  11.  cm        1- 

Iron  Pyrites.  Horn  Island-No.  18D   p.  K. 
Iron   Pyrites,   Moonmera  Copper  Minesr-xMo 

195,  p.  28. 

Iron  Pyrites,  Sunset  Rei>f.  Ravenswood-No 

183,  p.  4.  ,,    ,  1  .  T^- 

Iron  Pyrites*,  Wolfram  Camp.  Hodgkinson  Dis 

trict^No.  188.  p.  7. 
Iron  Sulphide,   Many   Peaks.   Gladstone    Dis 

trict-No.  194,  p.  28. 
Ironstone  Boulders.  Bontinck  Island-No.  IbO 

Isaacs  River-No.  181,  p.  10;  No.  190,  p.  14. 
Ivanhoo  Tin   Lmle.    Eureka   Creek   District— 

No.  192.  pp.  10,  24.  25. 
Irvincbank,   Ilerborton   District— No.  192,  pp. 

7,  14,  20-24. 
Irvincbank  Tin  Mining  Company.  Koorboora, 

Ilerberton  District^No.  192,  p.  14. 


Jackson  (C.  F.  V.),  B.E.- 

The  Opal  Mihing  Industry  and  the  Distribu- 
tion of  Opal  Deposits  in  Queent^land— No. 

177.  ^    , 

Report  on  a  Visit  to  the  West  Coast  of  the 
Cape  York  Peninsula  and  i^ome  Islands  of 
the  Gulf  of  Carpentaria:  also.  Reports  on 
the  Horn  Island  and  Possession  Island 
(iold  FioUlh,  and  the  Recent  Prospecting 
of  the  Cretaceous  Coal  of  the  Ctx)k  Dis- 
trict—No. 180. 
James'  Hill  Wolfram  and  Bismuth  Deposits, 
Top  Camp  Workings,  Wolfram  Camp- 
No.  188,  p.  11. 


Japan— No.  190,  pp.  20,  22. 

Jardine  River,  Capo  York  Peninsula— No.  180. 

p.  9. 
Jasper.   Mount  Colo,  Marodian  District— No. 

179,  p.  14. 

Jasper,  Morgan  and  Reed's  Manganese  Mine, 
Gladstone— No.  194,  p.  42. 

Jasper,  Mount  Mona— No.  179,  p.  14. 

Jasper,  Running  Oeek,  Wide  Bay  District- 
No.  179,  p.  14. 

Jasperoid,  Degilbo,  portion  54»v— No.  189,  p.  9. 

Jasperoid.  Freestone  Creek,  Warwick  District 
No.  186,  p.  21. 

Jasperoid.  Hughes'  Selection,  SUver  Spur- 
No.  191.  p.  36. 

Jasperoid,  Manganese  Area,  Gladstone  Dis- 
trict^No.  IW,  p.  36. 

Jasperoid.  Walla,  portions  1033,  1147,  Gm  Gm 
Di.strict^No.  189,  p.  7. 

Jasperoid  Slatfr— No.  179.  p.  14. 

Jasperoid  Slate.  Morgan's  and  Reed's  Marpa- 
nese  Mines,  Gladstone— No.  194.  p.  42. 

Jeff's  Camp.  Wolfram  Camp,  Hodgkbson— 
No.  188.  pp.  4,  7,  8,  9.  10. 

Johnson's  Claim.  Black  Mine  Opal  Workings, 
Juudah — No.  177.  p.  31. 

Johnson's  Opal  Mine.  Ardoch  Station  Run- 
No.  177.  p.  20. 

Johnstone  Range,  Jundah   District— No.  In, 

p.  31. 
Johnstone  River,  Geraldton— No.  196.  pp.  11, 

12. 

Jundah— No.  177,  p.  30. 

Jundah  Opal  Field,  Opalton  Mining  District- 
No.  177,  p.  30. 


Kabra.  Central  Railway— No.  194.  p.  14:  No. 

195,  pp.  7,  8. 
Kalliwa  Creek,  Burnett  River— No.  189,  p.  9. 
Kalliwa  Maniranese  Deposits,  Kalliwa  Crcok. 

Burnett  River— No.  189.  p.  9. 
Kalonga  Creek,  Canindah— No.  194,  p.  35. 
Kangaroo  Hills  Mineral  Field— No.  188.  p.  3: 

No.  190.  pp.  13,  22. 
Kangaroo    Hills    Wolfram   Return-^No.   188. 

p.  4. 
Kaolin.  Commonwealth  Mine,  near  Degilbo- 

No.  185,  p.  4. 
Kaolin,  Donnybrook  Reef,  Brookville,  Raven v 

wood — No.  183.  p.  7. 
Kaolin-bearing     Sandstone.      Thane's     Cmk 

Road-No.  186,  p.  13. 
Kariff's  Opal  Claim,  Kynuna  Opal  Field-No 

177.  p.  33. 
Karumba,  Norman  River— No.  180.  p.  12. 
Keeroongooloo   or    Kyabra    Opal    Fields— Ni>- 

177.  p.  23. 
Keeroonghoola  Run— No.  177,  p.  28. 
Koeroonghoola  Station— No.  177,  p.  28. 
Kelly's   Molybdenite,   Wolfram,    and  Bismuth 

Claim,    Top    Camp    Workings— No.    1S8. 

p.  11. 

Kenrick's  Molybdenite  Claim,  Jefif's  Camp 
Workings.  Wolfram  Camp— No.  188,  p.  9. 

Keppel  Bay— No.  190,  pp.  10.  19.  27.  28. 

Keppel  Bay  and  Environs— No.  190,  pp.  10. 11 

Kernel  Boulders.  Gap  Opal  Mine.  Keeroon- 
ghoola Run— No.  177,  p.  28. 
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Kernel  Boulders,  Hen's  Nest  Mine,  Keeroon- 

ghoola  Run— No.  177,  p.  26. 
Kfrnol  Boulders,  Yowah  Opal  Field — No.  177, 

(Plate  IV,) 
K**ttle  Swamp.  Stanthorpe  District — No.  191, 

p.  17. 
Kholo,  Ipswich  District — No.  194,  pp.  58-61. 
Kilkivan— No.  179,  pp.  4,  5,  14,  15;  No.  188, 

p.  4. 
Kincr  of  the  Ransrcs  Tin  Mine,  Watson ville — 

No.  192,  p.  20. 
King  Point,  Horn  Island — No.  180,  p.  18. 
Kirk  Brilliant  Claim,  Kirk  Diggings— No.  183, 

p.  11. 
Kirk  Diggings.  Ravens  wood  Gold  Field — No. 

183.  pp.  3.  8,  9,  10,  11. 
Kirk    River,    Raveuswood    District — No.    183, 

p.  9. 
Knight   of  Gwyn,   Thunder  Creek,    Marodian 

Field— No.  179.  p.  13. 
Kfxirboora,   Herbcrton  District — No.  192,   pp. 

14,  26. 
K«K)rboora   Tin    Lodes.    Herberton    District — 
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p.  19. 

Opal  Yield,  Exhibition  Mine,  Keeroonghoola 
Run— No.  177,  p.  28. 

Opal  Yield,  Friday  Mine,  Keeroonghoola  Run 
—No.  177,  p.  29. 

Opal  Yield,   Four-mile,   Yowah   Opal  Field— 
No.  177,  p.  18. 

Opal    Yield,     Hansington's    Mine,    Keeroon- 
ghoola Run— No.  177,  p.  29. 

Opal  Yield.  Kariff's  Claim,  Kynuna-No.  177, 
p.  33. 

Opal  Yield.  Laman's  Mine— No.  177,  p.  24. 

Opal  Yield.  Little  Wonder  Mine,  Eromanga^- 
No.  177,  p.  23. 

Opal  Yield,  Little  Wonder  Claim,   Opalton— 
No.  177.  p.  32. 

Opal  Yield.  Lushington  Mines,  Paroo  Mining 
District-No.  177.  p.  21. 

Opal   Yield,    Marble   Arch    Opal    Mine— No. 
177,  p.  22. 

Opal  Yield,  Mascotte  Mine— No.  177,  p.  25. 

Opal  Yield.  Mat's  Hard  Mine— No.  177,  p.  26. 

Opal  Yield,   INIick's  Opal  Mine,   Jundah  Dis- 
trict^No.  177,  p.  31. 

Opal   Yield,    Moriarty's   Range,    Keroit   Opal 
Field— No.  177,  p.  18. 

Opal  Yield,  One-mile  Workings,  east  of  Duck 
Creek  Old  Field— No.  177,  p.  20. 

Opal  Yield,  Opalton  Field— No.  177.  p.  31. 

Opal  Yield,  Peppin  and  Webber's  Opal  Mine 
—No.  177,  p.  26. 

Opal  Yield,  Pitt's  Mine,  Keeroonghoola  Run 
—No.  177,  p.  29. 

Opal  Yield,  Pott's  Opal  Mine— No.  177,  p.  24. 

Opal  Yield,   Pride  of  the  Hills  Mine,   Paroo 
Mineral  District^No.  177,  p.  21. 

Opal  Yield,  Quartpot  Creek  Opal  Field— No. 
177,  p.  24. 

Opal  Yield,  Queensland— No.  177,  p.  7. 

Opal  Yield.   Sheepstation  Creek  Opal  Work- 
ings—No. 177,  p.  20. 

Opal    Yield,  -Stony    Creek    Opal    Mine— No. 
177,  p.  27. 

Opal  Yield,  Tomkin's  Opal  Mine,  Jundah  Dis- 
trict^No.  177,  p.  31. 

Opal  Yield,  Union  Mine,  Stony  Creek,  Kee- 
roonghoola Run — No.  177,  p.  28. 

Opalton  Mineral  Field— No.  177  (Gem  Work- 
ing, Plate  No.  1),  pp.  6,  18. 

Opalton  Mining  District— No.  177,  pp.  30,  31. 

Opalton  (or  Fermoy)  Opal  Field— No.  177,  pp. 
31,  32. 

Orchid  Claim,  Eungella  Gold  Field— No.  181, 
pp.  18,  19. 

Ord,    Walsh    and    Tinaroo    Districts,    North 
Queensland — No.  196,  p.  14. 

Ore  Bodies,  Silver  Spur  Mine,  Texas— No.  191, 
pp.  28-32. 

Oriental  Rubies,  Tate  River,  near  Chillagoe — 
No.  190,  p.  29. 
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Ortt'a   Gold    Mining    Lease,     Yorkey's    Gold 

Field— No.  179,  pp.  8.  14. 
OsmiridiuiTi,  in   Beach  Sands,  Tweed  River- - 

No.  196,  p.  11. 
Osmiridium,   Yield  from  Beach  Sand,  Tweed 

River— No.  11X3,  p.  11. 
OUrelite  Slate,  Walli  Creek,  Mary  River— No. 

196,  p.  3. 
Oxford  Downs  Run— No.  181,  p.  10. 
Oxide  of  Copper,  Mount  Barker  Silver  Mines 

—No.  181,  p.  16. 
Oxide  of  Iron— No.  180,  p.  10. 
Oxide  of  Iron.  Chippendale's  Shaft,  Mascotte 

Opal  Mine^No.  177.  p.  25. 
Oxide  of  Iron,  Mount  Barker  Silver  Mines — 

No.  181.  p.  15. 
Oxide   of    Iron.    Old    Field    Opal   Workings, 

Jundah— No.  177.  p.  30. 
Oxide  of  Iron,  P. A.  No.  28,  Perry  Scrub — No. 

184.  p.  9. 
Oxide  of  Iron,   Quartpot  Creek  Opal  Field — 

No.  177,  p.  24. 
Oxide  of  Iron.  Yowah  Opal  Field— No.  177,  p. 

16. 
Oxide  of  Manganese,  BI|ick  Inline  Opal  Work- 
ings, Jundah — No.  177,  p.  31. 
Oxide  of  Manganese,   Old  Field  Opal  Work- 
ings. Jundah— No.  177,  p.  30. 
Oxide   of    Manganese,    Quartpot    Creek    Opal 

Field— No.  177,  p.  24. 
Oxide  of  ^lolybdenite— No.  188.  p.  5. 
Oxides.   Beach  Sand,  Tweed  River— No.  196, 

p.  11. 
Oxides  of  Cerium,  Monazitic  Sands,  Johnstone 

River- No.  19G,  p.  13. 
Oxides  of  Thorium.    Monazitic   Sands.   John- 
stone River— No.  196,  p.  13. 
Oxides  (Black)  in  Quartz,  Beer  and  Dawson's 

Gold  Mining  Lease,  Yorkey's  Gold  Field 

No.  174,  p.  8. 
Oxides  in  Quartz,  White  Rocks  Copper  Lease, 

Marodian  Field— No.  179,  p.  11. 
Oxidised    Iron   in    Quartz,    Sunny  side   Copper 

Lease,  Marodian  Field— No.  179,  p.  11. 


Pacific  Ocean— No.  190,  p.  20. 

Pacific  Water— No.  180,  p.  10. 

Pandanus    Creek,    Ravenswood    District — No. 

188,  p.  9.  • 

Palaeozoic  Rocks,  Cook  District— No.  180,  pp. 

24,  25.  27. 
Palmer  River,  Cook  District— No.  180.  p.  24. 
Pandora  Tin   Mine.   Irvinebank  District — No. 

192,  pp.  20,  24. 
Pan  Washing  and  Cradling.  Tin  Minine.  St^n- 

thorpe  District — No.  190,  p.  9. 
Papon  Point.  Horn  Island — No.  180.  p.  18. 
Paradise — No.  184,  p.  5. 
Parish  Dugandan,   Ipswich  District^ — No.  194, 

p.  57. 
Parish  of  Dundas,  Ipswuch  District — No.  194, 

p.  57. 
Paroo  Opal  Mineral  Field— No.  177.  pp.  13.  19, 

20,  21. 
Paroo  River — No.  177,  p.  19. 
Pascoe  River,  Cape  York  Peninsula — No.  180, 

p.  10. 


"Peacock  Ore,"  Mount  Barker  Silver  Klines 

—No.  181,  p.  16. 
Peak  Point,    Cape  York  Peninsula— No.  180. 

pp.  7,  21. 
Pearl   Fisheries,    Port  Musgrave,   Cape  York 

Peninsula — No.  180,  p.  7. 
Pelican  Creek,  Bowen  District-No.  181,  p.  21. 
Pennsylvania  Coal — No.  190,  p.  21. 
Peppin   and   Webber's   Opal   Mine,    Keerixm- 
ghoola  Run — !^o.  177.  p.  25. 

Percy  River,  60  miles  south  of  Georgetown- 
No.  196,  p.  23. 
Per  mo-Carboniferous     (Bowen     Formation)- 
No.  180.  p.  24;  No.  181,  pp.  5,  7. 
(Gyrapie  Formation) — No.  180,  p.  25;  No. 
181,  p.  12. 

Perry  River,  Burnett  District— No.  184,  pp.  5. 
6.  7.  14. 

Perry  Scrub.  Burnett  District,  Gold  Workings 
in  the — No.  184,  pp.  1-14. 

Perry  Scrub  Prospecting  Areas— No.  184,  p.  5. 
(Plan.) 

Perseverance    Reef,    Normanby    Gold    Field, 
Bowen  District — No.  181,  p.  20. 

Petford  Siding,  Chillagoe  Railway  Line— No. 
188.  p.  11. 

Petrified  Wood,  Mount  Sturt—No.  186.  p.  19. 

Phosphate-bearing    Slate,    Keppel    Bay— No. 
190,  p.  27. 

Phosphate-bearing  Rocks,   Rockhampton  Dis- 
trict—No. 190.  pp.  10,  11. 

Phosphate    of    Alumina    (Turquoise),    Keppel 
Bay  and  Environs — No.  190,  pp.  10,  11. 

Phosphate  of  Lime,  Keppel  Bay  and  Environ? 
No.  190,  p.  11. 

Phosphate  of  Lime.  Olsen's  Caves.  Rockhamp- 
ton District— No.  190.  p.  11. 

Phosphate.    Analysis,    Keppel    Bay   and  En- 
virons— No.  190,  p.  11. 

Picnic  IslancT  Port  Curtis— No.  194,  p.  47. 

Pikedale  Head  Station,  Stanthorpe  District- 
No.  191,  p.  25. 

Pikedale  Silver  Mine,  near  Pikedale  Head  Sta- 
tion, Stanthorpe  District — ^No.  191,  p.  25. 

Pikedale  Silver  Mine,  Ore  Returns— No.  191. 
p.  25. 

Pine  Mountain.  Ipswich  District — No.  190.  p. 
25 ;  No.  194,  pp.  53-56,  58. 

Pine  Vale.  Mackay  District^No.  181,  pp.  W 
20. 

Pine  Vale  Copper  and  Silver  Lode,  Mackaj 
District— No.  181.  p.  19. 

Pink  Sandstone,  Fiery  Cross  Opal  Field-No. 
177,  p.  19. 

Pink  Sandstone.  New  Field,  Duck  Creek  Opal 
Field— No.  177,  p.  19. 

Pink  Sandstone^  Sheepstation  Creek— No.  ITT. 
p.  20. 

Pink  Sandstone,  Yowah  Opal  Field— No.  1" 
p.  17. 

Pinnacle  Hill,  Dagworth  Station— No.  177,  p 
38. 

Pinnacles    Opal    Mine,    near    Eromanga— No- 
177,  p.  24. 

Pioneer  River.  Mackay  District — No.  181.  pp- 
5,  9.  10,  19. 

Pipe  Clay,  Walla,  portion  917,  Gin  Gin  Di^ 
trict— No.  1^9,  p.  8. 
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Pi<>litLc  Ironstone.  Batayia  River,  Cape  York 

Peninsula — No.  180,  p.  8. 
Pi>oIitic  Iron«»tone,  Batavia  River — No.  180,  p. 

10.     (Plate  III.) 
pi  oolitic     Ironstone,     Embley     and     Mission 

Rivers— No.  180,  p.  8. 
Pi*olitic     Ironhtone,     South     Shore,     Batavia 

River— No.  180.  p.  8.    (Plate  I.) 
Pidolitic  Ironstone  (Iron    Ore),  Vrilya    Point, 
'        t'ape  York  Peninsula — No.  180,  p.  7. 
Pitt'^   Opal    Mine,   Keeroonghoola  Run — No. 

177,  p.  29. 
Pift:»burff.  United  States— No.  190,  p.  19. 
Piiteworth.  Darling  Downs  District — No.  191, 

pp.  62-65. 
Plasri<xilase,  Pleasant  Lode,  Alma  Creek — ^No. 

194.  p.  18. 
Platinum,  Beach  Sand,  Tweed  River — No.  196, 

p.  11. 
Platinum    Yield    from    Beach    Sand,    Tweed 

River— No.  196,  p.  11. 
Pl»>a5ant  Iron  Lode,  Alma  Creek — No.  194,  p. 

17. 
Plutonic     Granite,     Brookville,     Ravenswood 

Gold  Field— No.  183,  p.  6. 
Paint  Inscription,  Sweer's  Island — No.  180,  p. 

13. 
Point  MacDonald,  Sweer's  Island— No.  180,  p. 

13. 
Point  Kerr,  Cape  York  Peninsula — No.  180,  p. 

8. 
Poison  Opal  Mine,  New  Year's  Creek,  Opalton 

District— No.  177.  p.  32. 
Policeman  or  Auckland  Creek,  Gladstone  Dis- 
trict—No. 196,  p.  36. 
Porcellaneous   Dolomite,   Triad   Gold   Mining- 
Lease,  Yorkey's  Gold  Field— No.  179,  p.  7. 
Pf)rcellanisod  Clay,  Hen's  Nest  Mine — No.  177, 

p.  27. 
Porcellanised  Clay.   Hansington's  Opal  Mine, 

Koerr)oni?hoola  Run — No.  177,  p.  29. 
Porcellanised   C-lay,    Mat's   Hard   Opal   Mine, 

Kr'eroonghoola  Run — No.  177,  p.  26. 
Poro<»llani.sed  Clay,  Scotchman  Mine,  Keeroon- 

'^^hoola  Run — No.  177,  p.  26. 
P«)rc  Ulanitt^-No.  177.  pp.  9,  10. 
Porcellanite.  Peppin  and  Webber's  Opal  Mine 

No.  177,  p.  25. 
Porphyritic   Crystals,    Horn    Island — No.    180, 

p.  16. 
Porphyritic  Dykes — No.  179.  p.  5. 
Porphyritic  Dykes.  Big  llill  District,  Talgai — 

No.  186,  p.  10. 
Porphyritic  Dykes,  Woowoonga — No.  185,  p.  3. 
Porphyritic    Granite,    Himalaya     Reef,    Kirk 

DiVuings— No.  183.  p.  10. 
Porphyritic   Granite,    Horn    Island — No.    180, 

pp.  18.  19. 
Porphyritic    Granite,    Possession    Island — No. 

180,  pp.  21,  22. 
Porphyritic   Quartz   Diorite   Dykes — No.    179, 

p.  5. 
Porphyry.  Great  Western  Mine,  Watson ville — 

No.  192,  pp.  19,  20. 
Porphyry,    Silver   Queen    Mine,    Stanthorpe — 

No.   191,  p.  24. 
Port  Alma^No.  190,  pp.  14,  16,  28 ;  No.  194.  p. 

10. 
Port  Curtis~No.  194,  pp.  11,  36. 


Port  Douglas— No.  188,  pp.  3,  4;  No.  192,  p. 

13. 
Port  Douglas  Wolfram  Returns — No.  188,  p.  4. 
Port  Musgrave.  Gulf  of  Carpentaria — No.  180, 

p.  7. 
Portions  Nos.   14v.   16v,   and  2155,   Robinson, 

Mount  Sturt— No.  186.  p.  20. 
Portion  of  Workings,  Little  Wonder  Opal  Mine 

-  No.  177,  p.  24.     (Plate  XV.) 
Possession   Island.  Torres  Strait — No.  180,  p. 

16. 
Possession  Island  Gold  Field,  Report  on — No. 

180.  pp.  21-23. 
Possession  Island,  Battery  and  Cyanide  Plant 

No.  180.  p.  23.     (Plate  XL) 
Possession  Island,  Old  W^orkings,   Summit  of 

Cliff— No.  180,  p.  22.    (Plat©  X.) 
Possession     Island,    Shaft    and   Workings    on 

Beach  -No.  180,  p.  21.     (Plato  No.  IX.) 
Pott's  opal  Mine,  Mount  Margaret  Run,  near 

Eromanga — No.  177,  p.  24. 
Pratten,  Warwick  District — No.  186,  pp.  7,  11, 

13,  15,  17.  18;  No.  189,  p.  9. 
Pratten.  on  Talgai  Gold  Field,  Late  Discovery 

of  Gold  near— No.  186,  pp.  3-6. 
Precipitation  of  the  Copper  SaJt  in  Wet  Pro- 
cess  of  Copper  Extraction — No.   193,   pp. 
19-23. 
Preparation   of  the  Ore  for  Solution  in  Wet 
Process    of   Copper    Extraction — No.    192, 
pp.  10-14. 
Pride  of  the  Hills  Opal  Mine,  Paroo  Mineral 

District -No.  177,  p.  20. 
Prince  of  Wales  Group  of  Islands — No.   180, 

pp.  16.  18. 
Prince  of  Wales  ^line,  Talgai— No.  186,  p.  18. 
Princes.«>  Charlotte  Bay — No.  180.  p.  7. 
Princhester,  Rockhampton— No.  190.  p.  26. 
Pro.specting  Area  (Brier's),  Perry  Scrub — No. 

184,  p.  12. 
Prospecting   Area  No.   24,   Perry  Scrub — No. 

1^.  pp.  7,  8. 
Prospecting  Area  No.   28,   Perry  Scrub — No. 

184,  pp.  9,  10. 
Prospecting  Area  No.  31   (Glenister's),  Perry 

ScruU-No.  184,  p.  10. 
Prospecting  Area  No.   32,   Perry  Scrub — No. 

184.  p.  12. 
Prospecting  Area  No.  35  (Southern  Extended), 

Perry  Scrub— No.  184,  p.  10. 
Prospecting  Area  No.  37,   Perry  Scrub — No. 

140.  p.  12. 
Prosp<^cting  Area   No.   42,   Perry  Scrub — No. 

ISi.  p.  12. 
Prospecting  Area  No.  43  (Childers  Retreat) — 

No.  184,  p.  11. 
Prospectinar  Area  No.  44  ('*  Painkiller"),  Perry 

Scrub— No.  184.  p.  12. 
Prospecting  Area  (Phillips').  Perry  Scrub — No. 

184,  p.  12. 
Prospecting    Areas    Nos.    47    and    48,    Severn 

River— No.  191.  p.  10. 
Prospecting     Operations,     Four-mile     Creek, 

Stanthorpe  District — No.  191,  pp.  17,  39. 
Prospector's  Gully,   Herberton — No.   192,   pp. 

13,  14,  17. 
Psilomelane.  Mount  Colo — No.  179,  p.  14. 
Psilomelane,  IVtount  Miller  Manganese  Mine, 
Calliope-No.  194,  p.  39. 
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Puckley's  Creek,  Cook  District — No.  180,  pp. 

24,  25.  26. 
Pyrites,  Australian  Reef,  Talgai— No.  186,  p. 

11. 
Pyrites,  Beacroft^s  Workings,  Sundown  Mine, 

Stanthorpe— No.  191,  p.  23. 
Pyrites,    Beer    and    Dawson's    Gold    Mining 

Lease,  Yorkey's  Gold  Field— No.  179,  pp. 

8,  14. 
Pyrites,  Campbell's  Reef,  Yorkey's  Gold  Field 

— No.  179.  p.  8;  Louisa  Copper  Mine,  p. 

12. 
Pyrites,    Commonwealth   ^Sline,    Degilbo — No. 

185.  p.  6. 
Pyrites,  Dee  River— No.  190,  p.  9. 
Pyrites,  Mount  Barker  Silver  Mines — No.  181, 

p.  14. 
Pyrites,  P.A.  No.  43,   Perry  Scrub— No.  184, 

p.  12. 
Pyrites,  P.A.  No.  24,  Perry  Scrub— No.  184, 

pp.  8.  9. 
Pyrites,  Rogers'  Extended  Mine,  Golden  Gate 

Reel,  Croydon- -No.  196,  p.  24. 
Pyrites,  Saint  Patrick  P.C,  Talgai— No.  186, 

pp.  15,  16. 
Pyrites,  Silver  Queen  Mine,  Stanthorpe — No. 

191,  p.  24. 

Pyrites,  Silver  Spur  Mine,  Texas — No.  191,  pp. 

27,  29. 
Pyrites,  Yorkey's  Gold  Field— No.  179,  pp.  6, 

7,  14. 
Pyrites.  Young  Australian  Gold  ^line.  Degilbo 

—No.  185,  p.  3. 
Pyritio  Ore,  Lady  Jane  Reef,  Kirk  Diggings — 

No.  183,  p.  10. 
PyritouB  Reef,   Queenslander  Mine,   Talgai — 

No.  186,  p.  11. 
Pyrolusite,  Mount  Colo — No.  179,  p.  14. 
Pyrolusite,    Mount   Miller   Manganese   Mine, 

Calliope— No.  194,  p.  39. 
Pyrolusite,  Mount  Mona — No.  179,  p.  14. 

■ 
Quality  of  the  Opal  in  Queensland — No.  177,  p. 

11. 
Quartpot  Creek,  near  Eromanga — No.  177,  pp. 

24,  3L 
Quartpot  Creek,  Stanthorpe  District — No.  191, 

pp.  13,  38. 
Quartpot  Creek  Opal  Field,  near  Eromanga — 

No.  177,  p.  24. 
Quartz— No.  179,  pp.  6,  7,  8,  9,  10.  11,  14;  No. 

180,  pp.  16,  17,  19,  21 ;  No.  181,  p.  16 :  No. 

183,  pp.  6,  8,  9;  No.  184,  pp.  6,  7,  8,  9,  10, 

11,  12,  13,  14;  No.  185.  pp.  3.  6,  7;  No. 

186,  pp.  7.  9,  10,  11,  12,  14,  16;  No.  188,  pp. 

6.  7,  8,  9,  10.  11,  12,  13;  No.  189,  pp.  5,  10; 

No.  190,  p.  8;  No.  191,  pp.  22,  30,  36;  No. 

192,  p.  19 ;  No.  194,  pp.  12,  15 ;  No.  196,  p. 
15. 

Quartz  Crystals,  Dee  River — No.  190,  p.  8. 
Quartz  Cryt^ls,  Moonmera  Copper  Mines — No. 

195,  p.  28. 
Quartz  Crystals,  Silver  Queen  Mine,  Stanthorpe 

No.  191,  p.  24. 
Quartz  Crystals,  Welcome  Claim,  Horn  Island 

—No.  180.  p.  19. 
Quartz  Diorite— No.  179,  pp.  13,  15,  16. 
Quartz  Folsite,   Uerberton   District — No.   192, 

p.  9. 


Quartz  Felspar,  Porphyry,  Silver  Queen  Mine, 
Stanthorpe— No.  191,  p.  23. 

Quartz  Leaders,  between  Mount  Lucy  and 
Almaden,  Chillagoe  District— No.  196,  p. 
6. 

Quartz  Recfh,  Walli  Creek,  Mary  River— No. 
196,  p.  3. 

Quartz  Veins,  Iron  Island — No.  194,  p.  10. 

Quartz  Veins.  Little  River— No.  196.  p.  23. 

Quartz  Veins,  Walli  Creek,  Mary  River— No. 
196,  pp.  4,  5. 

Quartzite— No.  177,  pp.  9,  15. 

Quartzite— No.  180,  pp.  7,  9,  10,  18,  25;  No. 
181,  p.  12;  No.  183,  pp.  7,  8. 

Quartzite,  Big  Hill  Lease,  Talgai— No.  186, 
pp.  9,  10. 

Quartzite,  Dee  River — No.  190,  p.  9. 

Quartzite,  Gladstone  Claim,  Talgai  Creek— 
No.  186.  p.  13. 

Quartzite,  Glassford,  Gladstone  District— No. 
194,  p.  29. 

Quartzite,  Herberton  Tin  Field— Na^l92,  pp. 
8,  9. 

Quartzite,  Hughes'  Selection,  Silver  Spur- 
No.  191.  p.  36. 

Quartzite,  Irvinebank  District— No.  192,  p.  21. 

Quartzite,  Manganese  Area,  Gladstone  Dis- 
trict—No. 194,  p.  36. 

Quartzite,  Mount  Gammie,  Warwick  Dis^ct 
—No.  189,  pp.  9,  10. 

Quartzite,  Queenslander  Reef,  Talgai— No. 
186,  p.  11. 

Quartzite,  Silver  Spur  District — No.  191,  p.  27. 

Quartzite,  Victoria  Claim,  Talgai — No.  186,  p. 
16. 

Quartzite,  Welcome  Stranger,  Talgai— No. 
186,  p.  4. 

Quartzite,  western  side  of  Mount  Lucy— No. 
196,  pp.  6,  7. 

Quartzose  Schists — No.  179,  p.  4. 

Quartzose  Gossany  Ore,  Silver  Spur  Mine, 
Texas— No.  191,  p.  29. 

Quartzose  Slate,  Louisa  Mine,  Talgai— No. 
186,  p.  18. 

Quartzose  Slate,  Prince  of  Wales  Mine,  Tal- 
gai— No.  186,  p.  18. 

Quartzose  Slates,  Quoin  Island,  Keppel  Bay- 
No.  190,  p.  11. 

Queen  of  the  West  Copper  Mine,  Marodian 
Gold  and  Copper  Field— No.  179,  pp.  i  10. 

Queensland— No.  177,  pp.  7,  8.  11,  12,  14,  15: 
No.  185,  p.  6;  No.  186,  pp.  7,  13;  No.  m 
pp.  3.  4;  No.  189,  p.  3;  No.  190,  pp.  3.  6, 
10,  12,  16,  18;  No.  191,  p.  11;  No.  192,  p. 
7. 
Queesland  Coal— No.  190,  pp.  16,  18;  No.  196. 

pp.  20,  21. 
Queensland  Sand — No.  196,  p.  13. 
Queenslander    Mine    Workings,    Talgai   Gold 

Field  -No.  186,  p.  4. 
Queenslander  Reef,  Big  Hill,  Talgai— No.  186, 

p.  11. 
Quoin  Island,  Keppel  Bay — No.  190,  pp.  10, 
11 ;  No.  194,  p.  36. 


Raft  Point,  Bentinck  Island— No.  180,  p.  15. 
Raglan,    opposite  Curtis  Island — No.  190,  p. 
27;  No.  194,  pp.  11,  22;  No.  195,  p.  7. 
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EUilway  Cuttings  at  Moonmera — No.  195,  pp. 

44-64.      (Section.) 
Bain  worth,  near  Springsure — No.  177,  p.  34. 
Rainworth  Hun,  Springsiure  District — No.  177, 

p.  34. 
Ravenswood — No.  183,  pp.  3,  9. 
Ravenswood  Deep  Mines,   Ravenswood  Gold 

Field— No.  183.  p.  6. 
Ravenswood  Gold  Field,  Recent  Mining  De- 
velopments on  the — No.  183,  pp.  1-11. 
Ravenswood  Township,  showing  Workings  on 

Grant  and  Sunset  Mines-^No.  183.  (Plan.) 
Ravenswood  Wolfram  Returns — No.  188,  p.  4. 
Ray  Station— No.  177,  p.  21. 
Razorback  Range — No.  195,  pp.  7,  8. 
Real  del  Monte  Opal  Mines,  Mexico — No.  177, 

p.  33. 
Recent    Calcareous   Deposit  overlying  Desert 

Sandstone,  Sweer's  Island — No.  189,  p.  13. 

(Plate  V.) 
Recent  Deposits,  Moonmera — No.  195,  pp.  16, 

17. 
Reconstruction  Alluvial  Claim,  Horn  Island — 

No.  180,  p.  16. 
'  Red  Buck  Pipes,"  Kynuna  Opal  Field— No. 

177.  p.  33. 
Red  Elin^  Tin  Mine,  Irvinebank  District — No. 

192,  pp.  20,  23. 
Red  Oxide  Ore,   Knight  of  Gwyn,  Marodian 

Field— No.  179,  p.  18. 
Red  Rock  Creek,  Stanthorpe— No.  191,  p.  20. 
Reed's  Manganese  Mine,  Calliope,  Gladstone 

District— No.  194,  p.  44. 
Reed's  Creek  Tin  Lodes,  Herberton  District — 

No.  192,  p.  29. 
Return    Creek,   Herberton   District — ^No.   192, 

pp.  14,  27. 
Returns  from  Ore  from  Mount  Barker  Silver 

Mine— No.  181.  p.  18. 
Returns  from  Ore,  Moonmera  Copper  Mines — 

No.  195,  pp.  19,  20,  26. 
Rhodonite  (Manganese  Silicate),  portion  856, 

Walla,  Gin  Gin  District^No.  189,  p.  5. 
Rhyolite  in  Diorite  Dykes — No.  179,  pp.  5,  7, 

15. 
Roasting  in  Wet  Process  of  Copper  Extraction 

—No.  193.  pp.  27-29. 
Rockhampton— No.  189,  p.  3;  No.  194,  pp.  9, 

10,  14,  22;  No.  195,  p.  7. 
Rockhampton  District — No.  190,  pp.  10,  11,  15, 

16,  26;  No.  194.  pp.  9-22. 
"Rocky,"    Tate   River,    near    Chillagoe— No. 

190,  p.  29. 
Rocky  Bridge  Creek  Opals,  New  South  Wales 

—No.  177,  p.  33. 
Rogers'   Extended  Mine,    Golden   Gate  Reef, 

Croydon— No.  196,  p.  24. 
Rolling  Downs  Formation — No.  177,  p.  8. 
Rolling  Downs  Formation,   near   McGregor's 

Range— No.  177,  p.  24. 
Rosenthal,  Warwick  District — No.  195,  p.  66. 
Rossiter's  Lagoons,  Keeroonghoola  Run — No. 

177,  p.  26. 
Rubies,  Tate  River,  near  Chillagoe — No.  190, 

p.  29. 
Ruby    Silver    Ore    (Silver    Sulphantimonide), 

Silver  Spur  Mine,  Texas — No.  191,  pp.  28, 

29,  31. 


Running  Creek,  Mary  River — No.  179,  pp.  3, 

5,  9,  10. 
Russia— No.  194,  p.  48. 


Saint  Agnes  Creek,  Burnett  District — No.  184, 

pp.  5,  6. 
Saint  Helen's   Creek,    Mackay    District — No. 

181,  p.  5. 
Saint  Helen's  Station,    Mackay  District — No, 

181,  p.  8. 
Saint  Lawrence  (Broadsound) — No.  190,  pp.  15, 

23;  No.  194,  pp.  9,  10,  11. 
Saint  Lawrence  River — No.   181,   p.   10;  No. 

190,  p.  14. 
Saint  Patrick  Claims,  Talgai — No.  186,  pp.  15, 

16. 
Saint  Patrick  Mine,  Talgai  Gold  Field— No. 

186,  p.  5. 
Saint  Patrick  North  Claim,  Talgai— No.  186, 

p.  16. 
Saint  Patrick  and  St.   Patrick  North  Reefs, 

Talgai— No.  186,  p.  15.    (Plan.) 
Saint  Patrick  P.C,  Talgai— No.  186,   pp.  15, 

16. 
Salt   Deposits,   Burketown   vicinity — No.    180, 

p.  13. 
Salts   of  Lime,   Black   Mine  Opal   Workings, 

Jundah— No.  177,  p.  31. 
Saltwater  Creek,  Gladstone  District — No.  196, 

p.  36. 
Sandstones— No.  177,  pp.  8,  9,  10,  11,  15,  16. 
Sandstones— No.  179,  p.  5;  No.  180,  pp.  7,  8, 

9,  10,  13,  14,  15,  25,  27 ;  No.  181,  pp.  5,  7,  8. 
Sandstone,  Big  Hill  Lease,  Talgai— No.  186,  p. 

10. 
Sandstone.  Bull's  Creek  Opal  Field— No.  177, 

p.  21. 
Sandstone,    Exhibition   Opal   Mine,    Keeroon- 
ghoola Run— No.  177,  p.  28. 
Sandstone,  Freestone  Creek— No.  186,  p.  21. 
Sandstones,  Gin  Gin  Disirict — No.  189,  p.  5. 
Sandstone,  Goodman's  Flat — No.  177,  p.  20. 
Sandstone,  Hansington's  Opal  Mine,  Keeroon* 

ghoola  Run— No.  177,  p.  29. 
Sandstone,  Hen's  Nest  Mine — No.  177,  p.  27. 
Sandstone.  Herberton  District — No.  192,  p.  11. 
Sandstone,  Keppel  Bay— No.  190,  p.  27. 
Sandstones,   Koorboora  District — No.   192,   p. 

26. 
Sandstone.  Little  River— No.  196,  p.  23. 
Sandstone,    Little    Wonder    Opal    Mine — No. 

177,  p.  23. 
Sandstone,    Lushington    Opal    Mines,    Paroo 

Mining  District— No.  177,  p.  21. 
Sandstone,  Mackenzie  Island — No.  190,  p.  28. 
Sandstone,  Mascotte  Opal  Mine — No.  177    p. 

25. 
Sandstone,  Mat's  Hard  Mine,  Keeroonghoola 

Run— No.  177,  p.  26. 
Sandstone.  Old  Field  Opal  Workings,  Jundah, 

No.  177,  p.  30. 
Sandstone,  Opalton  Opal  Field— No.  177,  p.  82. 
Sandstone,  Pride  of  the  Hills  Opal  Mine — No. 

177,  p.  21. 
Sandstone,    Saint   Patrick   P.C,    Talgai— No. 

186,  p.  15. 
Sandstones,  Silver  Spur  District^No.  191,  p. 
27. 
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Sandstone,  Stoney  Creek  Op&l  Mine — No.  177, 

p.  27. 
Sandstone,  Warwick-Killarney  Railway  Line — 

No.  186,  p.  19. 
Sandstone  Band,  Friday  Opal  Mine,  Keeroon- 

ghoola  Run— No.  177,  p.  28. 
Sandstone    Band,    Kynuna    Opal    Field — No. 

177.  p.  38. 
Sandstone  Beds,  Hammond's  Mine — No.   177, 

p.  27. 
Sandstone  Boulders,  Bull's  Creek  Opal  Field 

No.  177,  p.  21. 
Sandstone    Boulders,    Quartpot    Creek    Opal 

Field— No.  177,  p.  24. 
Sandstone  Boulders,  Valdare  Opal  Mine — No. 

177,  p.  23. 
Sandstone  Boulders  in  Rock  Face — No.  177,  p. 

21.     (Plate  XI.) 
Sandstone  Mine,  near  Bull's  Creek— No.  177, 

p.  23. 
Sandstone  with  Clay  Nodules.  *'  Mottled  Sand- 
stone"—No.  177,  p.  25.    (Plate  XVII.) 
Sandy  Clay.  Goodman's  Flat-No.  177,  p.  20. 
Sandy  Clay.  Pitt's  Opal  Mine,  Keeroonghoola 

Run— No.  177.  p.  29. 
Sandy  Clay.  Walla,  portion  1033,  Gin  Gin  Dis- 

trict— No.  189.  p.  6. 
Sandy   Clay   Schists.    Manganese  Area,   Glad- 
stone District^No.  194.  p.  36. 
Sandy  Clay  Slate,   Mount  Gammie,   Warwick 

District— No.  189,  p.  9. 
Saxony — No.  185.  p.  7. 
Scanlon's  Mine.  Keeroonghoola  Run — No.  177, 

p.  30. 
8cheeli(t^-No.  196,  p.  15. 
Schists,  Brookville.  Ravenswood  District — No. 

183,  p.  6. 
Schists.  Cook  District— No,  180.  p.  25. 
Schists,  Gin  Gin  District — No.  189,  p.  5. 
Schists,  llcrhorton  Tin  Field— No.  192,  pp.  8, 

11. 
Schists.  Porry  Scrub— No.  184,  pp.  6,  7,  9.  10, 

11,  13. 
Schistjt,  Silver  Spur  District — No.  191,  p.  27. 
Schists.   Staunago  Point — No.  194,  p.  12. 
Schists.  Vulcan  Mine,  Irvinebank — No.  192,  p. 

21. 
Schistose  Slate.  Silver  King  ^line,  near  Silver 

Spur    No.  191.  p.  37. 
Scoroditc,  lioacroft's  Tin  Workings,  Sundown 

Mine.  Stanthorpe— No.  191.  p.  23. 
Scotch    Lass   Opal    Workings,    Keeroonghoola 

Run     No.  177.  p.  28. 
Scotchman  liill.  Keoroonghoola  Run — No.  177, 

p.  26. 
Scotchman    Hill    Desert    Sandstone    Outlier- 
No.  177,  p.  26.     (Plate  XVIU.) 
Scotchman    Opal     Mine.    Gum    Holes    Camp, 

Kc<^r(K)nghoola  Run — No.  177,  p.  26. 
Scottish    Marodian    Gold    Freehold,    Yorkey'e 

Gold  Field— No.  179,  p.  9. 
Scrubby  Crook,  Mackay  District — No.  180,  p.  5. 
Seaforth    Estate,    Mackay    District — No.    181, 

p.  6. 
Sedimentary  Rocks — No.  177,  p.  8. 
SiHiimontary    Rocks,    Brookville.    Ravenswood 

Gold  Field     No,  183.  pp.  6,  7. 
Sedimentary    Rocks,    California    Creek,    Her- 

borton  District— No.  192,  p.  8. 


Sedimentary     Rocks,     Commonwealth    Mine, 

near  Degilbo — No.  185,  p,  5. 
Sedimentary   Rocks.    Cook  District— No.   18i) 

p.  25. 
Sedimentary   Rocks.    Herberton   District— No. 

192,  pp.  11.  13. 
Sedimentary    Rocks,    Irvinebank.    Herberton 

Tin  Field— No.  192,  pp.  8,  21. 
Sedimentary    Rocks,     Koorboora,     Herberton 

District— No.  192.  p.  8. 
Sedimentary  Rocks,  Stannary  Hills — No.  192, 

p.  8. 
Sedimentary    Rocks.    Watsonville,    Herberton 

District^No.  192.  p.  8. 
Sedimentary    Rocks,     Woowoonga — No.    185, 

p.  3. 
Selenite.   Silver  Spur  Mine,  Texas— No.  191, 

p.  30. 
Sericite,  Herberton  Tin  Field— No.  192.  p.  9. 
Serpentine.  Herberton  District — No.  192.  p.  9. 
Serpentine,    Keppel    Bay   and    Environs— No. 

190,  p.  10. 
Serpentine,     Princhester,    Rockhampton    Dis- 

trictr-No.  190.  p.  26. 
Serpentine,   The   Narrows,    Keppel  Bay— No. 

190,  p.  27, 
Serp)entine  Belt,  from  Balnagowan  north-west 

towards  Cawarral  and  Marlborough — No. 

190,  pp.  26,  27. 
Seven  Rivers  District.  Cape  York  Peninsula- 
No.  180,  p.  7. 
Severn    River.    Stanthorpe  District — No.  191, 

pp.  10,  11.  20,  21,  24,  25,  38. 
Shafts  adjoining  Great  Extended.  Yowah  Opal 

Field— No.  177.  p.  18.     (Plate  VII.) 
Shakespeare  Mine,  Koorboora,  Herberton  Dis- 
trict-No. 192.  pp.  14,  26. 
Shales — No.  177.  p.  8. 
Shale.  Black  Rock  Creek— No.  181.  p.  8. 
Shale.  37|-Mile,  Cooktown  Railway— No.  180, 

p.  27. 
Shale.  Keppel  Bay— No.  190,  p.  27. 
Shale,  Mackay  District— No.  181,  pp.  6.  7. 
Shale,  Mount  Flora— No.  181.  p.  10. 
Shale,  north  of  Cape  Hillsborough— No.  181. 

p.  7. 
Shalo,   streaked  with  Coal,  Endeavour  River. 

Cooktown— No.  180,  p.  24. 
Shale.  Stewart's  Creek,  near  Townsvilk^No 

196.  p.  18. 
Shale,  Warwick  and  Killarney  Railway  Line- 
No.  186.  p.  19. 
Shales.    wo>t   of    Mount   Lucy,    Chillairoe  Di'- 

trict^-No.  196,  pp.  6.  7. 
Shaly  Sandstone.  Dee  River— No.  190.  p.  9. 
Shaw's     Wolfram     and     Molybdenite    Claim. 
JefT's  Camp  Workings,   Wolfram  Camp- 
.  No.  188,  p.  8. 
Shaw   and    Morris'    Manganese   Deposit  Cal- 
liope. Gladstone  District— No.  194.  p.  M. 
Sheehan's   Property,    Broadwater   Creek— -\'c 

191.  p.  17. 
Shelmalier    Reef.    Ravenswood    Gpld   Field- 
No.  183,  p.  6. 
Sheepstation  Creek,   near  Eulo — No.  177.  pp. 

15,  20, 
Silica — No.  179,  p.  4. 

Silica.  Herberton  Tin  Field— No.  192,  p.  9. 
Silica.  Little  River— No.  196,  p.  23. 
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Silica.   Mount  Barker  Silver  Mines — No.  181, 

p.  13. 
Sjlica,    Mount  Lucy,   Chillagoe  District — No. 

196,  p.  6. 
Silica,  Quartpot  Greek  Opal  Field— No.  177,  p. 

24. 
Silica.   Silver  Spur  Mine,  Texas — No.  191,  p. 

29. 
Silicate  of  Alumina,  Quartpot  Creek — No.  191, 

p.  14. 
SiUca  Hill,  Hunter  Island— No.  194,  p.  21. 
Siliceous  Clay,  Fiery  Cross  Opal  Field — No. 

177.  p.  19. 
Siliceous  Clay  Slate,  Texas  Copper  Mine — No. 

191,  p.  87. 
Siliceous  Grits,  Mackay  District — No.  181,  p.  7. 
Siliceous  Ironstone,  Chippendale's  Shaft,  Mas- 

cotte  Opal  Mine— No.  177,  p.  25. 
Siliceous  Ironstone,  Hansington  Opal  Mine- 
No.  177.  p.  29. 
Siliceous  Ironstone,  Old  Field  Opal  Workings, 

Jundah— No.  177,  p.  80. 
Siliceous    Limestone,    Mackenzie   River — No. 

190,  p.  14. 

Siliceous  Mispiokel,  Silver  Queen  Mine,  Stan- 

thorpe— No.  191,  p.  24. 
Siliceous  Ore,  Silver  Spur  Mine,  Texas — No. 

191.  pp.  28,  80. 

Siliceous  Rocks— No.  177,  pp.  9,  10,  15. 
Siliceous  Rock,  Little  Wonder  Opal  Mine — No. 

177,  p.  28. 
Siliceous  Sand,  Mount  Leviathan — No.  190,  p. 

13. 
Siliceous    Sandstones,    Mackay    Dislrict — No. 

181,  pp.  6,  7,  8,  9.  10. 
Siliceous  Sandstone,  Yowah  Opal  Field — No. 

177.  pp.  16,  18. 
Silicified  Diorite— No.  179.  p.  16. 
Silurian  Rock,  Northern  Queensland — No.  190, 

p.  32. 
Silver,   Commonwealth  Mine,  near  Degilbo— 

No.  185,  p.  4. 
Silver,  Hunter  Island — No.  194,  p.  21. 
Silver.    Lake   View   Consols  Gold  Prospective 

Lease,  Yorkey's  Gold  Field— No.  179,  p.  8. 
Silver,  Louisa  Copper  Mine,  Thunder  Creek — 

No.  179,  p.  12. 
Silver,  Mount  Barker  Silver  Mines — No.  181, 

pp.  13,  14,  15,  16,  17,  18. 
Silver,    Mount  Sturt,    Warwick   District — No. 

186,  p.  20. 
Silver,  Pikedale  Silver  Mine— No.  191,  p.  25. 
Silver,  Silver  Crown  Mine,  near  Silver  Spur— 

No.  191,  p.  87. 
Silver,  Silver  King  Mine,  near  Silver  Fpur — 

No.  191,  p.  37. 
Silver,   Silver   Queen   Mine,   Stanthorpe— No. 

191,  pp.  24,  39. 
Silver,  Silver  Spur  Mine,  Texas — No.  191,  pp. 

28,  29,  30,  31,  32,  35. 
Silver,     Sundown     Copper     Mine,     Sundown 

Creek,.  Stanthorpe— No.  191,  p.  22. 
Silver  Ore,  Mount  Barker— No.  181,  pp.  12,  18. 
Silver  Ore,   Mount  Flora,   Mackay  District — 

No.  181,  p.  10. 
Silver  Ore,  Pine  Vale,  Mackay  District — No. 

181,  pp.  19,  20. 
Silver  Ore,  Silver  Queen  Mine,  Severn  River, 

Stanthorpe— No.  191,  pp.  24,  39. 

C 


Silver  and  Lead  Assays  of  Ore,  Mount  Barker 

Silver  Mines— No.  181,  pp.  18,  14,  15,  16, 

17. 
Silver  Ore  Assay,  Silver  Queen  Mine,  Severn 

River— No.  191,  p.  24. 
Silver  Percentage,  Altai t^  Telluride — No.  196, 

p.  24. 
Silver  Percentage,  Hessite  Telluride— No.  196, 

p.  24. 
Silver  Yield  from  Pine  Vale  Ore,  Mackay  Dis- 
trict-No. 181,  p.  19. 
Silver  Yield,  Mount  Flora  Ore— No.  181,  p.  11. 
Silver  Yield,  Pikedale  SUvor  Mine— No.  191. 

p.  25. 
Silver  Yield,  Silver  Queen  Ore,  Stanthorpe— 

No.  191,  pp.  25,  39. 
Silver  Yield,   Silver  Spur  Mine,   Texas— Nc. 

191,  pp.  26,  28,  29,  30,  31,  32,  35. 
Silver  Crown  Silver-Copper  Mine,  near  Silver 

Spur— No.  191,  p.  37. 
Silver  King  Silver  Lead  Mine,   near   Silver 

Spur— No.  191,  p.  37. 
Silver  Mine,  Marodian  Gold  Field— No.  179, 

p.  10. 
Silver  Queen  Silver  Mine,  Severn  River,  Stan- 
thorpe—No  191,  pp.  23,  24,  39. 
Silver  Queen  Mine,  Assay  of  Ore — No.  191,  p. 

24. 
Silver  Queen  Mine  Ore  Returns — No.  191,  p. 

24. 
Silver  Spur  Mine,  near  Texas,  Stanthorpe  Dis- 
trict—No. 191,  pp.  25-37. 
Silver  Spur  Township,  near  Texas — No,  191, 
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